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ABSTRACT

A syntax organization for recognition of handwritten connected-
word is studied in this work.

Each writing is cut into strokes at the middle point of every
down cave of the writing, and the strokes are named using their dir-
ectional characteristics and relative size among the strokes,

A synfax is organized using the hierarchy of the stroke charac-
teristics and self-iteration for the error corrections.

The strokes are classified by the hierarchy and processed to
combine the strokes into characters by the hierarchical characteristics.

The lowest level of hierarchy collects those strokes which can
not be combined into characters by their solid stroke characteristics
and organizes a two dimensional family relation for relative combina-
tion of the strokes into characters.

The local classifying routines are called for those stroke rela-
tions which require the evaluation of the relative characteristics

between the strokes for the optimal decision,
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CHAPTER T

INTRODUCTION

1.1 Motivations

Two dimensional input devices of the computing machines attract
many new studies in the man-machine communication field.

Although a two dimensional computer input is very attractive, a
limited pattern recognition capability surely restricts its practical
value.

For this reason, those works directed toward high dimensional
interactive computer studies in software as well as in hardware have
been discouraged.

Various experiments have been performed in recognition of hand-
written, single characters and symbols on two-dimensional computer
input devices during the past decade (2,3). Experiments were also
conducted in the recognition of connected words of handwriting, using
dictionary-driven word matching programs for limited combinations of
characters (2,5).

In contrast, the object of the experiment reported here is to
recognize arbitrary, handwritten connected words as well as single
characters. In order to achieve this result, a different approach
was required.

For the recognition of cursive writings without dictionaries or
large tables, the writing was cut at the middle point of each down
cave of the writing, and a syntax was organized for these strokes
using a hierarchical system which is determined by the characteristics

of all characters.
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A semantics is implemented for each level of hierarchy to eval-
uate the characteristics for more efficient discrimination at each
level of the hierarchy.

This organization produced a strong flexibility for many effi-
cient alternatives and large room for decisive factors requiring only
simple logic evaluation. In one use of this flexibility, self-
checking and self-correcting algorithms were implermented for the
specified types of errors. The criteria for stability of such itera-
tive processes were determined experimentally.

In operation, the hand-writing from a Sylvania Tablet was dis-
played on the screen of the graphic system as the characters were
written. After recognition, printed symbols were also displayed on
the screen. The tine between completion of the writing of the word
of six characters and display of the printed word was less than two
seconds.

The program was written in Algol 60 of UNIVAC 1108 and had been
run in real time and on-line under the UNIVAC 1108 EXEC II system of

the University of Utah (10).

1.2 Scope and Depth
Recause the range of the handwriting pattern is broad, and
the manner of various writers is different, many syntax entries must
be examined, and many difficult organizational problems must be solved.
The accuracy of recognition and efficiency of the program is a
function of such factors as the number of syntax entries and other

complexities by improper writing.



This experiment is concerned with recognition of cursive writing
of the twenty-six lower case letters based on Palmer's method of
penmanship (7). These letters are coded along with other popular
characters as written by normal writers for broader applicability.

Well-written Palmer's penmanship requires only a short program
for recognition without a mistake. For such writing, the cutting
algorithm would work completely. The coding of the direction of the
strokes and the relative height of the writing would not cause any
difficulty for such good writings. The syntax would be organized in
a simple pattern and the semantics would be implemented with a rela-
tively small number of entries, which reduces the number of discri-
minating algorithms automatically.

For a relatively uncareful writing, errors are made in cutting
the writing into strokes. Coding errors would also occur because of
the difficulty in recognizing the direction of the stroke and the
relative positions of the strokes.

The most difficult part in organizing a program for such imperfect
writing is the syntax organization and semantic implementation. For
such writing, the syntax must have some types of and some number of
correcting algorithms, which require changes in hierarchy of the system
and cause each iteration to contain complicated feedback loops.

In this experiment, relatively broad correcting algorithms were

implemented and quite diverse writings are recognized by this algorithm.



Figure 1 shows the display of the handwritten word and its
recognized symbols on the display screen of the graphics system at

the University of Utah,



Figure 1. Display of handwritten word and its recognition



CHAPTER II

DATA FILTERING PROCESS

2,1 System Requiremeu:s

The graphics system at the University of Utah for cursive
writing recognition counsists of a UNIVAC 1108 as the central computer
and a PDP-8 as the terminal machine with an Information Display ine.
Ssystem to generate the picture and a Sylvania Tablet as the two-dimen-
sional data input device.

The UNIVAC 1108 has 36 bit words and 3 control bits for each
input channel anu output channel. The PDP-8 has 12 bit words for eackh
input and output channel, and skip bit and interrupt bit for its
input-output system. The two machines are coupled together through a
linkage logic which modifies the word size of each machine and controls
the order of transmission of the words.

The analog outputs of the Sylvania Tablet are connected to analog
to digital converter to sample them into digital outputs and are trans-
mitted to the PDP-8 accumulator. The display system and typewriter are
also connected into the PDP-8 accumulator for communication during the
Processing. Since many machines are connected together, many alter-
natives in the system programming as well as scme limitations for
efliciency have to be considered for this graphic system.

The speed of machine and efficiency of the system program must be
considered with higher priority in designing the system especially f r

the interactive design.



The resolution of the tablet was another important factor in
designing experiments because it determines the minimum size of the
writing which can tolerate the distortion of the sampling process.

The resolution of 1% per inch is required for normal writing, and
higher resolution reduces the filtering part of the program such as
noise filtering, density control, and curve smoothing processes.

A swapping mode is available from the graphic system at the Uni-
versity of Utah, written for the UNIVAC 1108 EXEC II system. Under
this mode, the user takes only the running time from the central com-
puter, which provides a good flexibility during the experiment.

The program was compiled and coded into relocatable language at
a secondary memory of the central computer awaiting the next swapping
interruption. While waiting for the 1108 to run the program, the
terminal machine, the FDP-8, is running to pick up data from the tab-
let and display the writing on the CRT. As soon as the central com-
puter is interrupted to swap with new data which is provided by the
terminal machine, the swapping mode is executed to run the program

with the new data.

2.2 Noise Filtering and Curve Smoothing

The locations of the stylus on the tablet are sampled by the
analog to digital converter and transferred to the PDP-8 accumulator.
The density of the sampled data can be controlled by the system pro-
gram and by the filtering program simply checking the distance between

the two consecutive samples.
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The rate of the sampling process and the speed of system program
for ths collection of the sampled data are very important factors for
filtering purposes. The speed of writing is always slow enough for
the converter to sample the writing at any point. The system progre.
has to be fast enough to look at every sampled point. These factors
are the main limitations to the density of handwriting sampling.

Finite resolution of the tablet, as well as noises due to hard-
ware faillure require the checking and correcting algorithms which vary
depending on the purpose of the experiment. A four-point noise check-
ing and correcting rule was implemented for the cursive writing recog-

nition experiment.

This algorithm operates as follows:
In Figure 2
if X(1) less than X(2) and X(2) greater tham X(3) and X(3)
less than X(4)
then CX(2) = X(1);
In Figure 3
if X(1) greater than X(2) and X(2) less than X(3) and X(3)
greater than X(4)
then CX(2) = X(1);
In Figure 4
if Y(1) less than Y(2) and Y(2) greater than Y(3) and Y(3)
less than Y(4)

then CY(2) = Y(1);



In Figure 5
if Y(1) greater than Y(2) and Y(2) less than Y(3) and Y(3)
greater than Y(4)
then CY(2) = Y(1);

Other algorithms can be compared to the four-point algorithm
regarding the reliability of the system. For instance, the three-
point correcting algorithm is quite strong for checking and correcting
purposes, but there would be a high probability of destroying informa-
tion by changing the values at the sharp edges or sharp curves.

A curve smoothing rule could be implemented using some interpo-
lating algorithms. This idea is generally the same as the three point
rule except using the median value instead of current value. Espe-
cially for the iterating cases, thery would be a big chance of destroy-

ing the original information producing wrong codings.
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Original Curve
X (4)

) - ______ Corrected Curve

Figure 2. X-value correction for low initial value

t e Orig'inal Curve

______ Corrected Curve

X (%)

Figure 3. X-value correction for high initial value
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~————— Original Curve
Y(t)
...... Corrected Curve
Y(4)
g ©
YO)  cye
0 t

Y(t)

Figure 4. Y-correction for low initial value

~—————— Original Curve

______ Corrected Curve

Y(4)

Figure 5. Y-correction for high initial value
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CHAPTER III

FIGURE EXTRACTION

3.1 Writing Cutting and Stroke Lreaking Algorithm

The normal writing of a word consists of several segments of
piecewise continuous writing. In this experiment each discontinuity
is marked at the discontinuous point by the third dimensional variable
in the data structure. Each segment of writing is then cut into
strokes at only the lowest point of every down cave of the writing, and
each piece of stroke is indexed for further processing.

This low point cutting algorithm carries more information for
later evaluation than any other algorithm because all high point and
middle point information is completely available as in the original
data,

The low parts of writing are always less important for the recog-
nition than any other part of the writing, because nearly every written
character ends by tailing down the last part of the last stroke of the
character.

Each stroke is broken into branches at the points where the first
difference of the X or Y variable changes the sign. Each branch is
indexed and a two dimensional marker is used to point to the boundaries
between branches.

This marking algorithm carries all data of the original system

without losing or destroying any part of the feature, and this method
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VAL

X

Figure 6. Cutting algorithm for writing 7"

M MAXR(1,1) MMAYX (2,1)
l MMAX (1,0) J
l

™~

MMAX(,2
- pAAX (2,2)

MMAX (2,0)

X

Figure 7. Breaking algorithm for writing '@’
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enables the programmer to operate a large amount of data even with
small capacity of memory.

The cutting and breaking algorithms are shown in Figure 6 and in

Figure 7.

3.2 Stroke Naming and the Relative Position Coding Rule

Each stroke was broken into several branches to code the direc-
tion of the branches for naming of the stroke.

As soon as the stroke changes its major direction, a new direc-
tional code is assigned, which 1s added to the previous code multi-
plied by ten; this is repeated until the coding of the entire stroke
is completed.

F~..r 1iagonal major directions are used in this work, and they
are defined below:

if X and Y both decrease then Code = 0;

if X decreases and Y increases then Code = 1;
1f X increases and Y decreases then Code = 2;

if X and Y both increase then Code = 3;

The horizontal stroke and short stroke were speclally coded using 7 in
this work.

In this procedure the stroke coding has less than six or seven
digits because normal hand writing stroke does not have more than five
or six directional changes.

The diagonal direction rather than rectangular direction was

employed in this work because it has many advantages compared to other
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directional coding algorithms. The checking and correcting algorithm
for the directional code aud boundary marker would have great advan-
tage because of the characteristics of the diagonal direction.

The definition of major diagonal directions and the boundary of
the four direct.ons are shown in Figure 8 and the examples of the
named strokes are shown in Figure 9 with their names.

Another important feature in hand writing is the information of
relative stroke sizes and the relative positions of the top parts and
bottom parts of the neighboring strokes. This idea may be implemented
in many different manners depending on the writing. For careful writ-
ing, the absolute normal size might be implemented for the program
efficiency, but for poor writing the relative normal size might be
used to check the normal size for each character.,

The relative size and positions were classified as following:

1. Normal sized stroke;

Every character has this size of stroke as the first part
or last part except the characters as 'f', ',[', Z:', A
The normal size and position of stroke is shown in Figure 10.

2. Above positioned stroke;

Some strokes are significantly large because of the upward
extension compared to normal sized strokes. TFor example,
the second stroke of the character Laf is larger in upward
direction compared to a normal sized stroke.

This example is shown in Figure 11.
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4
- = major dircction
------- Boundary of
major direction
l
v} X
Figure 8., Codings and boundary of the major diagonal directions
Y
1
|
i
i I
i e
La o
'3 i
| W TH
102 302
0 X

Figure 9. Example of stroke naming algorithm
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3. Down positioned stroke;
Some strokes are longer in the downward direction compared
to the normal sized stroke.
An example using character '31 is shown in Figure 12,
4. Full sized stroke;
The character aﬂ' is the only character having a full sized
stroke out of lower case alphabets, which extends above and
below a stroke of normal size and position.
The example is shown in Figure 13.
In the program, the positions were named as following:
if normal sized then pocode = 1
if above positioned then poccde = 2
if down positioned then pocode = 3
if full sized then pocode = 4

else then pocode = 03

3.3 Character Decomposition

The writing cutting algorithm and the stroke breaking algorithm
are implemented for each different pattern of each lower case letter
of the alphabet. The patterns of each character are picked up from
Palmer's note (7) and from the comnonly used writings.

The range of patterns which were implemented in this coding
determines the capability and the reliability of the system.

The features of decomposed characters are shown in Figure 14.
Nearly all writing patterns of lower case alphabets generated by the
normal writers who did not have any writing training for the standard

writing are coded.
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Y
0 X
Figure 10. Examples of normal sized stroke
Y
o
0 W

Figure 11. Comparison between normal sized stroke
and above positioned stroke.
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X

Figure 12, Comparison between normal sized stroke
and down positioned stroke

— x

Figure 13. Comparison between normal sized stroke
and full sized stroke
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The first stroke in the figure is the first part of the character
and the second stroke or the last stroke in the figure is the next
part of the character for the character composition.

In Figure 15, the possible stroke combinations for each charac-
ter composition which was listed in Figure 14 by the stroke feature
is shown using the stroke name.

There are several different types of character composition in
stroke combinations. Some characters have only a single column of
strokes and others have two or three columns of strokes. The charac-
ters which have a single stroke column will be recognized by the
characteristics of the stroke in that column, and the characters which
have two columns of strokes would be recognized by identifying the
stroke combination between any stroke in the first column and any
stroke in the second column. The three column characters would have
every possible stroke combination wusing any one stroke from each
column and the characters would be recognized by identifying one of
the characteristics in the combinations.

Each stroke is classified by two coding names, the first name
is the directional coding and the second name is positional code.

The strokes which do not have the positional code are classified by
only the directional coding and the positional code is not considered
for the particular stroke combination.

The stroke which is n¢gligible in character structure is listed
as 'neglected' and the stroke which is negligible in stroke combination
and is significant for evaluation of stroke characteristics is listed

as 'optional' in the stroke column of Figure 15.
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L

AN N

First Stroke (a-1)

Second Stroke (a-1)

A A /N

A A A

First Stroke (a-2)

Second Stroke (a-2)

Z 7

A A

First Stroke (a-3)

44

Second Stroke (a-3)

N _/ /

L ¥V L7

PANIA

First Stroke (b-1)

Second Stroke (b=1)

P L/

)/

Second Stroke (b=-Z;

Figure 14,

Second Stroke (b-2)

Character structures by the stroke feature
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c-1 c=2 c-3

C <L

Strokes (c-1)

A A R

Strokes (c-2)

-

Strokes (c-3)

d-1 d-2 d-3

C L]

LA

First Stroke (d-1)

Second Stroke (d-1)

A

| _//\

First Stroke (d-2)

Figure 14.

Second Stroke (d-2)

Continued, the second
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_ 4 A\
Z 7/ AN/

First Stroke (d-3) Second Stroke (d-3)

Q2

e~1

Q 4

Strokes (e-1)

First Strokes (f-1) Second Strokes (f-1)

T,

First Stroke (g-1) Second Stroke (g-1)

Figure 14. Continued, the third



A A

2
7a

First Stroke (g-2) Second Stroke (g-2)

< 7

7

First Stroke (g-3) " Second Stroke (g-3)

h-1

D/
/!

(LA /N

First Strokes (h-1)

Second Strokes (h-1)

First Strokes (i-1)

Latter Stroke (i-1)

Figure 14. Continued, the fourth
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/4

/

First Stroke (j-1)

A

Latter Stroke (j-1)

17

/2 A

First Strokes (k-1)

Second Strokes (k-1)

D

/
A /1

2/

First strokes (k-2)

|

|

1-1

Figure 14,

Middle Strokes (k-2)

AR \NAN

Last Strokes (k-2)

Continued, the fifth
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Strokes (1-1)

o

m-1
First Stroke (m-1) Middle Stroke (m-1)

KAL) AN

Last Stroke (m-1)

n-1
First Stroke (n-1) Second Stroke (n-1)

Zoas

(L L/~ e X AN

First Stroke (o-1) Second Stroke (o-1)

Figure 1l4. Continued, the sixth




AL 1> £ A

First Stroke (0-2) Second Stroke (o0-2)
First Stroke (o0-3) Second Stroke (0-3)

p—

W/ 11
/] /]

First Stroke (p-1) Second Stroke (p-1)

L

Last Stroke (p-1)

/14 /7

[ ] /

First Stroke (p-2) Second Stroke (p-2)
, :; %Ezr
q-1 q-2 q-3

Figure l4. Continued, the seveni’.
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C

First Stroke (q-1) Second Stroke (gq-1)

AR /

[

First Stroke (q-2) Second Stroke (q-2)

/

{
Z 7 /)

|

First Stroke (q-3) Second Stroke (gq-3)

>.

r-1

AWANEAN

Strokes (r-1)

LD L

s-1 s-2
First Stroke (s-1) Last Stroke (s-1)

A /1L

Strokes (s-2)

Figure l4. Continued, the eighth
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4 1 A
ANINA

First Stroke (t-1)

AL

u-1

Second Stroke (t-1)

A A N

AN N

First Strokes (u-1)

p———

U

v-1l

Second Strokes (u-1)

77 22X

e

First Stroke (v-1)

-

w-1

Second Stroke (v-1)

LA L]

A AN

First Stroke (w-1)

Figure 14.

Middle Stroke (w-1)

Continued, the ninth
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x-1

A/

Last Stroke (w-1)

/\

/ ——

First Stroke (x-1)

Second Stroke (x-1)

AT/

/

/

First Stroke (y-1)

z-1 z-2

1
/2

Ytrokes (z-1)

N

Second Stroke (y-1)

2/

24 )

First Stroke (z-2)

Figure 14,

Second Stroke (z-2)

Continued, the tenth
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Character First Second Third
Patterns Stroke Stroke Stroke

02-1 302-1

a 01-1 30-1 Neglected
102-1 32-1
10-1
302-1 302-1

a 30-1 30-1 Neglected
3202-1 32-1
202-1 302-1

& 20-1 30-1 Neglected

32-1
3102-2 312-1
310-2 32-1 Neglected
302-2
30-2
3102-2 312-1
310-2 32-1 Neglected
302-2
30-2
( : 102-1 Neglected

02-1
302-1

C 30-1 Neglected
3202-1

Figure 15.

Character structures by the stroke name

31



Character First Second Third
Patterns Stroke Stroke Stroke
E 202-1 Neglected

20-1
102-1 302-2
02-1 30-2 Neglected
10-1 32-2
0-1
302-1 302-2

/d 30-1 30-2 Neglected
3102-1 32-2
202-1 302-2
20-1 30-2 Neglected

32-2
/Q 3102-1 Neglected

302-1
31024
302-4 Optional
310-4
30-4
102-1 30-3
10-1 Optional
02-1
0-1

Figure 15,

Continued, the second
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1The pusitional

Character First Second Third
Pattern Stroke Stroke Stroke
302-1 30-3
? 30-1 Optional
3202-1
202-1 30-3 Cptional
20-1
310-2 3202-1
30~2 302-1 Neglected
32-1
'y
302-1 Neglected 7
A, 32-1
v
? 30-3 Cptional 7
|}
P
310-2 3102-1
30-2 302-1
310-2 320-11 32-11
{ [ 30-2 30-11 12-11
)
. 2-1l
3102=2
z 302-2 Neglected
30-2
30-1 320-1 3202-1
20-1 30-1 302-1
77,L 320-1 320-1
30-1
32-1
Figure 15, Continued, the third

<oding is not required in stroke combination
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Character First Second Third
Pattern Stroke Stroke Stroke
30-1 3202-1
20-1 302-1
71 320-1 320-1 Neglected
30-1
32
02-1 3102-1
) 0-1 31i2-1 Neglected
102-1 302-1
10-1 32-1
302-1 3102-1
0,, 30-1 312-1 Neglected
3202-1 302-1
32-1
202-1 3102-1
é-. 20-1 312-1 Neglected
302-1
32-1
30-4 520-11 12-11
30-3 30-1t 2-11
30-4 320-1 Neglected
30-3 30-1
30-4 3202-1 Neglected
30-3 302-1
Figure 15. Continued, the fourth

1The positional coding is not required in stroke combination

34



N4

o

Character First Second Third
Pattern Stroke Stroke Stroke

02-1 302-3
0-1 30-3 Optional
102-1
10-1
302-1 302-3

q 30-1 30-3 Optional
3202-1
202-1 302-3 Optional
20-1 30-3

/L 3202-1 Neglected
32-1

A 30-11 12-11 Neglected
520-1l 2-11

A/ 30-1 Neglected
320-1

/4 302-1 Neglected
3202-1
302-2 Neglected 3-1

i 30-2 7
32-2
302-1 302-1

M 30-1 30-1 Neglected
32-1 32-1

Figure 15. Continued, the fifth

lThe positional coding is not required in stroke combination
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Character First Second Third
Pattern Stroke Stroke Stroke
320-1 302-1
30-1 32-1
”2//)\' 20-1 Neglected
3202-1
302-1
302-1 302-1 302-1
30-1 30-1 32-1
W 02-1 32-1
0-1
. 1
/:>K:, 32-1 Neglected 0-1
302-1
302-1 30-3
30-1 Optional
3202-1
320-1
1
32020-3 Optional
3020-3
1
320-1 320-3
30-1 30-3! optional
20-3%
Figure 15. Continued, the sixth

1The positional coding is not required for the stroke combination
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CHAPTiR IV

SYNTAX FOR CURSIVE WRITING RECOGNITION

4.1 A Hierarchical Organization by Stroke Characteristics in the

Character Structure

The characteristics of character structure which were described
in the previous chapter are used in this section for the construction
of a syntax for cursive writing.

The group of strokes for each level is selected by the stroke
characteristics and stroke functions. The selection is made such
that a processing at a given level is independent of any lower level
process that may exist.

The highest level is processed first using its own strong char-
acteristics with highest reliability for recognition of the writing.
Then the next higher level is processed in the same manner using its
own characteristics with a high reliability for the recognition ard
without further reference to any higher levels.

The other low levels would follow the above routine for their
individual processing steps until all the strokes were processed.

The Baye's theorem (8) can analyze this organization of writing
recognition in terms of conditional probability. As long as the higher
level keeps better reliability, this syntactic organization vould
promise optimal reliability for the entire experiment.

Each characteristic of the stroke is classified and the system

hierarchy is listed in the following:
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I. Unique characters:

Some stroke cam occur in a particular character and this charac-
ter can be recognized immediately. Such strokes are independent of
any other stroke in the system. Characters containing these strokes
are recognized at the highest level of priority. An example is the
letter '2.',

II. Stairway characters:

Some characters have a stroke which has another stroke positioned
just underneath cf the first stroke to build a stairway.

Examples: '9—', Last, i < 'j,'

ITI. Intersecting characters:
Some stroke intersects ancther stroke to build a character.
Examples: 'A£', 'sL'

IV, Pointed characters:

A short stroke points certain positions regard to some strokes to
specify some characters.

Examples: '£', '?L'

V. Circled characters:

Some characters begin with a circle and the first stroke of the
c¢ircle is required to be the normal sized stroke.

Examples: 'a', 'd', '3', '@, 'i'

VI. First-fixed character
Some strokes are employed to build a character only as the

firsct stroke of the character. The size of this group can be varied

by changing the order oi the hierarchy.

Examples: ',A,', ',Z'
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VII. Osculated characters:

Checking the osculating property between the neighboring strokes,
it is possible to realize whether they are members of the same
charalte. .

Examples: "m', '’

VII. Last-fixed character:

Scme strokes are employed to build a character only as the last
strocke of the character. The size of this group will vary depending
ot the prioricy of this level

Examples: ', "W
IX. Relative Characters:

Other strokes which do not belong to the above groups are called
relative strokes. They will be processed as relative strokes by the

intormation which they carry for further decision. The algorithm will

be discussed in later chapters using more complicated routines.

4 2 Synrax Specifications

The organization of syntax would vary depending on the system
specifications such as the range of writing pattern and carefulness
of writers, even for the same text. This specification would be very
complicated for the writings of uncareful and untrained users, be-
cause a correcting system has to be implemented in addition to che
basic system.

A self correcting algorithm was used in an early paper (6) for
character recognition using a reference generator for the feedback

loop.
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A different implementation for the correcting loop is used for
this cursive writing recognition using syntax-directed logic.

In Table 1 the syntax specifications are shown using a list
procedure language in a formalism similar to Bakus normal form (1),

The first classification, second classification, third classifi-
cation, fourth classification, fifth classification, sixth classifi-
cation would form a complete routine for writing recognition in case
of the users who write well.

A correcting loop which includes the third and fourth classifica-
tion is inserted between the second classification and the fifth
classification of the above system to correct erfbrs in third classi-
fication and fourth classification of the system,

A new system was necessary, because the priority of operation is
changed by the new considerations. The complexity of an error correc-
ting system is a function of the error priority which is determined by
the types of error and the levels of error considered,

In this work the characters !4;' and '®' are checked and correc-
ted for some users who fail to give enough down cave of the second
stroke of the character.

A correcting loop 1s shown in the syntax specifications of Table I
and the iteration idea is also shown in the entries of the specifica-

tions. The semantics is explained in the next section.

4.3 Semantic Interpretations
The figure extracting procedures are applied to the structure of
the sampled data system to name each stroke for the next recognizing

algorithm.
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TABLE 1

Syntax specifications for handwriting recognition
with self correcting loop

<characters>

<correcting loop:

<o-correction>

<b-correction>

<first classification>
<second classificaticn>
<third classification>
<fourth classification>
<fifth classification>
<sixth classification>
<unique character>
<gtairway character>
<intersecting character:
<pcinted character>
<circled character>
<first-fixed character>
<osculated character>
<last-fixed character>

<relative character:

i=<first classification><second classifica-
tion><correcting loop><fifth classifica-
tion><sixth classification>

i=<o-correction><b-correction>

i=<third classification><first classifica-
tion-<second classification>

i=<fourth classification><first classifica-
tion~<second classification><third
classification>

i=<unique character><stairway character>

i=<intersecting character><pointed character>

i=<circled character>

i=<first-fixed character>

i=<osculated character><last-fixed character>

:=<relative character>

'9'

PRV AVAY AVAPY

1= i?'/'dﬁ'

e v/{:vwg'_v
- vWV/v¢V/V9,V/v9n/V%V

e Lo g Ko oo

1= 'mt/

sz WYV s

e i‘}'/'-‘z'/'ﬂ'/'w’/'g'/w'/'v'/'w'/'y\'
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After each stroke is named by the early procedures, the routines
of classification are called to check the characteristics of each
stroke and classify the strokes by their individual characteristics.

Each level of classification is studied and cxplained in the
following, displaying the structure and characteristics of the level.
<«first classification>:

The string of the strokes is chiecked and classified for the
first time during this routine, and the following characters are
recognized:

<unique character>:

The following strokes are coded as the unique characters. The

symbol SD(I) is defined as the Ith stroke of the string and

CHA(I) is defirned as the Ith character of the string.

i SD(I) = 32020° or 3020' or 2020
then CHA(I) = 'z'

<stairway character>:

The stairing property is checked between the neighboring strokes

for certain strokes, and the following stroke sequences are recog-

nized as the stairinrg characters.
i sp(1) = 520° or 30"
and SD(I+1) = 320 or 30 or 20
then CHA(I) = 'z’
and SD(I+l) = 32 or 12 or 2

then CHA(I) = 's'

lThese strokes do no* have positional code and they are used regardless
of the positional value.
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and SD(I-1) = 30 or 310

and SD(I+1) = 32 or 12 or 2
then CHA(I) = 'p' or 'k'
Each sequential combination might require further classifying
routines depending on the number of members in that class.
<gecond classification>
After the first classification, the second classification follows
to check the second level characteristics. The following characters
belong to this level.
<intersecting character>:
The intersecting property is checked in this step and the sirokes
were coded as following:
if SD(I) = 0 or 7
and <other strokes which are intersected by above strokes>
then CHA(I) = 'x' or 't'
<pointed character>:
The pointing property is checked during this step and the follow-
ing strokes are coded as the pointed characters:
if SL(I) =7
and <other strokes which are pointed by above stroke>
then CHA(I) = 'i' or 'j'
<o-correction>
The characteristics of character 'o' are checked and other errors

will be corrected which were generated by the character 'o'.



<third classification>:
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The circled characteristics are checked for this level characters.

<circled character>:

The following strokes were coded to the characters of this level.

if

if

SD(I) = 0-1 or 10-1 or 02-1 or 102-1
then check character '@ "' and recognize it
and correct the related informations
and SD(I+l) = 30-2 or 32-2 or 302-2
then CHA(I) = '4'
and SD(I+1) = 302-3
then CHA(I) = 'q'
and SD(I+l) = 30-3
then CHA(I) = 'g' or 'q'
and SD(I+l) = 30-1 or 32-1 or 302-1
then CHA(I) = 'a'
SD(I) = 302-1 or 3102-1 or 3202-1 or 30-1 or 202-1 or
20-1
then check the character '®' and recognize it
and correct other related informations
and SD(I+l) = 30-2, 32-2, 302-2
then CHA(I) = '4d'
and SD(I+l) = 302-3
then CHA(I) = 'q'
ard SD(I+l) = 30-3

then CHA(I) = 'g' or 'q'
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and SD(T+1) = 30-1 or 32-1 or 302-1
then CHA(I) = 'a'
Some classes might require further discriminations depending on
the complexity of the class.
<first classification>,<second classification> in this level is
same as defined at early step.
<b-correction>:
The characteristics of a character [44' are checked and the distorted
information by the character '4&' is corrected during this procedure.
<fourth classification>:
The strokes which are the first stroke of each character are checked
to be classified as this level of character.
<first-fixed character>:
The following strokes are coded as the first-fixed characters
if SD(I) = 3102-2 or 302-2
then check the characteristics of the character '/4” and
recognize it. Correct all related informations
if SD(I) = 310-2 oxr 30-2
and SD(I+1) = 32-1
then CHA(I) = 'h' or 'b'
correct informations related to LJL'
and SD(I) = 3202-1 or 302-1
then CHA(I) = 'h' or 'k' or 'b'

correct informations related to 244’
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and SD(I+1) = 30-1
then CHA(I) = 'h' or 'p'
correct informations related to 24}'
else check character 'b' and recognize it
correct informations related to ﬂ4¢'
and <first classification>, <second classification>, <third classi-
fication> are same as defined at early steps.
<fifth classification>:
i1he osculating characters and the last-fixed characters are
checked during this step.
<osculating charicters>:
The following strokes are coded to be the characters of this level
1f SD(I) = 32-1 or 320-1 or 30-1 or 20--1
and SD(I+l) = 302-1 or 3202-1
then CHA(I) = 'n'
and SD(I+l) = 32-1 or 320-1

then CHA(I) n

and SD(I+2) 30-1 or 32-1 or 302-1 or 3202-1 or 320-1
then CHA(I) = 'm'
<lagt-fixed character>:
The following strokes are coded as the last-fixed characters
if sb(I) = 312-1
and SD(I-l) = 320-1 or 302-1 or 30-1 or 202-1 or 20-1

then CHA(I) = 'v'
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This step collects all other strokes which are not processed

previocusly until this step.

<relative character>:

The following strokes are coded as the relative character. The

detailed coding procedures for this particular character are

analyzed in the next chapter.

if SD(I) = 32-1

then CHA(I) = "r' or 'u'
if SD(I) = 320-1

then CHA(I) = 's' or 'r'
if SD(I) = 3202-1

then CHA(I) = 'r' or 's'
if SD(I) = 30-1

then CHA(I) = 's' or 'u'
if SD(I) = 30-3

then CHA(I) = 'p'
if SD(I) = 302-1

then CHA(I) = 'c¢' or 'e'

The entire program is listed in Appendix 9.1.

or

or

or

or

or

r

or

or

or

or

or

or 'u' or 'v' or 'w'



CHAPTER V

IMPLEMENTATION OF THE SYNTAX ANALYZER

5.1 System Analyzer
A string of strokes ia r=-d- to be processed by the recognizing
algorithms after a writing is completely coded.
The first classification checks the entire string of strokes as
a beginning part of the recognizing algorithm. The unique characters
are encoded from the stroke characteristics and the stairway charac-
ters are coded from the stairing characteristics.
The stairing properties are defined for a couple of different
cases as following:
In Figure 16
if (Y(3)-¥(2))/(¥(1)-¥(2)) less than 0.7 and
(Y(3)-¥(2))/(¥(3)-Y(4)) less than 0.7 and
(X(3)-X(1)) less than (Y(1)-Y(2)) then
stairing is true.
In Figure 17
if X(3) less than X(1) and
W 4) greater than Y(3) then
stairing is true.
In the second classification 1evel; the intersecting characters
and the pointing characters are coded by their characteristics.
The intersecting characteristic is a geometric intersection

between any two strokes, and the pointing characteristic is a simple

45
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Figure 16. Stairing characteristics for character 'z'

0 X

Figure 17. Stairing characteristics for character 's'
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checking for the distance between the point and a head of the strokes.
Such an algorithm can be checked by evaluating a simple arithmetic
feature for the characters.

The complete system is shown in Figure 18 and the correcting
algorithm will be discussed at the next step.

During the third classification the circled characteristics
will be checked before any correcting procedure is applied.

The circled characteristic is defined as follows:

In Figure 19

if position (2) - position (1) is less than NY/4
then circled is true.
After the circled property is checked, the character o-correction
algorithm is called and the other errors are checked and corrected.

In Figure 20

if OX is greater than NY/5 or NY/OY is less than 2.0
then o-correction is true.

As soon as the o-correction is checked, the neighboring stroke
will be redefined and the number of the iteration will be incremented
by one for each correction.

This additional iteration will recall the classifications which
were previously made. Since the error is corrected and the neigh-
boring information is corrected, it is very necessary to scan the
system again and reprocess the entire string.

The b-correction routine is processed at the next classification

step. The characteristics of the character 'b' are checked and then



51

Firet Classification

!

Second Cloansification M o= §41

¢ |

Third Claasification

Yes -

Correction
1

L

Fourth Classificicion

b
Correction ool
A

Ko

;

Fifth Cleasification

1

Sixth Classification

A

Figure 18. System analyzer diagram
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Figure 19. Characteristics for the circled character
Y
ox
oY NY
-
0 X

Figure 20.

Characteristics for o-correction
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other correcting routines are called for the correction of the distor-
ted information which was generated by the error in the character 24¢'.

The characteristics of the character ﬂJL' are defined as following:

In Figure 21

if (position (2) - position (1)) is less than
(position (1) - position (3))/4
then b-correction is true.

As soon as the b-correction is suggested by the error checking
routine, the neighboring strce would be checked and corrected and the
number of the iteration is incremented by one. During this iteration,
the higher classification level will be called to recheck the entire
string including the newly corrected strokes.

At the fifth step of classification, the osculated characters
and the last-fixed characters are checked and processed.

The osculating property is defined as following:

In Figure 22

Measure ND at each point of the line from point 1 to 2
count the number of times for the following cases:
case 1: ND less than NY/5
case 2: ND greater than NY/5
if case 1 is more than case 2 then osculation is true.
The character WN' requires another osculating operation for the

next stroke to identify the property of character 'y from character

'”L"
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0 X
Figure 21. Characteristics for b-correction
Y
Ne Ja NY

0 X

Figure 22. Characteristics for osculated character
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The last-fixed characters are coded from the stroke characteris-
tics and stroke functions for the particular strokes.
The remaining strokes which were not processed by the previous
classifications are collected to be processed by the local analyzer

to use the idea of the relatively discriminating classification.

5.2 Character Compositions

Most characters are recognized by the combination of the matched
strokes during the classifying steps. The syntax organization is
specified for the optimal combination of strokes by their characteris-
tics in this work.

The combinations in higher level strokes are more solidly defined
and the recognition is more reliable than that of lower level groups.

The unique characters, the intersecting characters and the
pointed characters would have special combinations for the character
composition because their classifications are specified quite uniquzly
by their characteristics as pointed out in the section on semantic
explanation.

For the stairing characters, the characters LJ%', 'j&', are
discriminated from the characteristics of character '\@' using the
local routine HKVSL and the character z/(' or 'Aéﬂ is identified by
the local routine HVSK for the final decision of recognition.

The local discriminating routines are studied in the next section

of this chapter in more detail.
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The possible number of stroke combinations for the low level group
of strokes is increased and the discriminating algorithms are more
complicated for each class of combination in this lower level.

The circled characters have the fixed stroke combination for the
character composition, and the stroke combinations for this classifi-
cation are defined in Table II. The row strokes are the first strokes
of the characters defined in the boxes and the column strokes are the
last strokes of the characters defined in the boxes.

In Table II, most boxes are well defined with a single character,
and soue other boxes have two characters. For the boxes having char-
acters '2}' and '?}' together in that box a discriminating routine
GVSQ is called to evaluate the comparative characteristics between
the characters and for the boxes having characters '@' and '®%'

together in that box, the character o is picked out by the o-correc-

‘ting routine before getting any other process for this level.

The local routine GVSQ is presented in next section for further
discussions.

For the first-fixed characters, the character comkinations are
shown in Table III. This table is similar to Table II except that it
has a parent node. This parent node will build a tree using other
strokes in the same column as the children nodes.

From the Table III, the column strokes 02-1, 102-1, 310-4, 3102-4,
30-4, 302-4 have only one character as the parent node without any
children node. The parent strokes would be coded as the characters

in the boxee.
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The columns 20-1, 202~1 have only children nodes without having
any parent node like the columns in Table IT. The local routine
VCHEK will be called to discriminate the characters 'v' and 'w' which
were in the same box.

The columns 3102-2, 302-2 have two characters in the parent node
without having any children node. The b-correcting routine would be
called to check and recognize character b and correct the neighboring
informations which might have been distorted by the character b.

For the column strokes 310-2, 30-2, a tree is built and analyzed
as in the following:

if SD(I) = 310-2 or 30-2

and SD(I) is the last stroke of segment of string

then CHA(I) !

]

and SD(I+1) 30-1 or 32-1

check l/%JQJ calling HKVSL
if true then CHA(I) = 'h'
if false then check and correct calling BCOREC
and SD(I+1) = 3202-1 or 302-1
check L/LJ&) valling HKVSL
if true ther compare th and '4@' calling HVSK
if false then check and correct calling BCOREC
else check and correct calling BCOREC
The osculated characters and last-fixed characters do not have
many classes to build any tree analyzers and the stroke combinations
which were explained in the semantic expianation section can be imple~
mented without any other considerations for the characters of the

classes.
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The relative characters have more complicated relations among the
strokes for the character composition and the stroke combinations for
the relative characters are defined in Table IV,

This table is similar to Table III except that the row strokes are
the earlier stroke in the tree organization, and the column strokes are
the next stroke to the row strokes. Each stroke can be any side of the
character depending on the neighboring conditions.

From Table IV, the stroke 30-1 has a parent node which can be
recognized as the character 's' or can be first side of any character
having the children node as the next side of the character depending
on the neighboring conditions.

The following list shows tie summarized program for the priority
in stroke combination and evaluation of the characteristics of each
stroke for the tree of the stroke 30-1 as shown in Figure 23.

if SD(I) = 30-1
and SD(I+1) = 30-1
check '4.' calling SCHEK
if true then CHA(I) = 's'
if false then check '4' at children nodes calling VCHEK
if true then CHA(I) = 'w'
if false then CHA(I) = 'uy'

and SD(I+l) = 30-3

check '@ calling SCHEK

if true then CHA(I) = 's'

if false then CHA(I) = 'y'
and SD(I+l) = 302-1 or 32-1

check '@ ' calling SCHEK
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TABLE IV
Stroke “ombinations for Relative Character
30-1 30-3 302-1 3102-1 | 32-1 320-1 3202-1
s cer ce r sr rs
s
30-1 uw P uw uw
30-3 y y y y
302-1 |uvw P uvg uvw v
3102-1
32-1 uvw uvw uvw v 1
320-1 P -
3202-1 P
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» if true then CHA(I) = 's'
if false then check '"A*' calling VCHEK
if true theu CHA(I) = 'v!'
if false then check "P*' at children nodes calling VCHEK
if true then CHA(I) = 'w'
if false then CHA(I) = 'u'

The stroke 302-1 has a parent node which could be coded into
several different characters depending on the characteristics of the
parent node and four children nodes which could be coded as second
stroke of the character with the parent stroke as the first part of
the character depending on the decision for the parent node during the
heginning execution of the tree shown in Figure 24.

The following is the summarized program for the stroke 302-1;
if SD(I) = 302-1

and SD(I+l) = 30-1

check Q' calling SCHEK

if true then CHA(I) = 's'

if false then check '#, ' calling CCHEK

if true then compare '€ ' to '2' calling CVSE
if false then check '/2' calling RCHEK
if true then CHA(I) = 'r'
if false then check "' at children node
if true then CHA(I) = 'w'
iflfalse then CHA(I) = 'u'
and SD(I+1) = 30-3
check 'AY' calling SCHEK

4 if true then CHA(I) - 's'
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if false then check '/©' calling CCHEK
if true then compare '£' to '2' calling CVSE
if false then check 'f>' at children node calling PCHEK
if true then CHA(I) = 'r'
if false then CHA(I) = 'y'
and SD(I+l) = 302-1 or 32-1

check ' ' calling SCHEK

if true then CHA(I) = 's'

if false then check '/ calling VCHEK

if true then CHA(I) = 'v!'
if false then check 'A' calling CCHEK
if true then compare '4' to '4£' calling CVSE
if false then check 'A ' calling RCHEK
if true then CHA(I) = 'r'
if false then check 'Af' at children nodes
if true then CHA(I) = 'w'
if false then CHA(I) = 'u'

The stroke 32-1 has a parent node which could be coded as the
character '/L' or as the first stroke of a character having the
children nodes as the second strokes of the characters as shown in
Figure 25,

The tree would ~ 2 analyzed by processing the parent node first
and then the children node will be processed along with the parent
node. The following is the summarized program for the tree of the

relative stroke 32-1.
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if SD(I) = 32-1
and SD(I+1) = 30-1
check 'JU' calling RCHEK
if true then CHA(I) = 'y’
Lf false then check W' at children node
if true then CHA(I) = 'y
if false then CHA(I) = 'y
and SD(I+1) = 302-1 or 32-1
check 'A™' calling VCHEK
if true then CHA(I) = 'v'
if false then check "' calling RCHEK
if true then CHA(I) = '¢!
« if false then check '/'' at children nodes
I if true then CHA(I) = 'y'
if false then CHA(I) = "y'

The stroke 3202-1 hag a parent node which could be coded into
several different characters depending on the characteristics of the
node and three children nodes which could be coded as the second
stroke of the character having the parent node as the first stroke
of the character.

The tree is shown in Figure 26 and the analyzer is listed as
following:
if SD(I) = 3202-1

and SD(I+l) = 30-3
check 'Q' calling SCHEK

‘ if true then CHA(I) = 'g'

oy
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ﬁ;“ if false then check 'fy' at children nodes calling PCHEK
if true then CHA(I) = 'r'
if false then CHA(I) = 'y'
and SD(I+1) = 302-1 or 32-1

check '#/' calling SCHEK

if true then CHA(I) = 's'

if false then check A" calling VCHEK

if true then CHA(I) = 'v'
if false then CHA(I) = "r'

The stroke 320-1 has a parent node and two children nodes as
shown in Table IV. The following is the list for the summarized
program for the tree of stroke 320-1.
if SD(1) = 320-1

and SD(I+1l) = 30-3

check 'A' calling SCHEK

if true then CHA(I) = 's'

if false then check 'fV' at children node calling PCHEK

if true then CHA(I) = 'r'
1f false theu CHA(I) = 'y'
and SD(I+1l) = 32-1

check 'AV' calling VCHEK

if true them CHA(I) = 'v'

if false then check 'A/' calling SCHEK

if true then CHA(I) = 's'

if false then CHA(I) = 'r'
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The parent stroke 30-3 does not have the parent node and the
direct combination 1s suggested to combine the strokes for character
composition

The parent stroke 3102-1 does not have any children node and the
only routine CVSE is requested to identify the difference of the
characteristics between the characters.

Those local routines which were used in this saction will be

presented in the next secticn.

5.3 Local Discriminating Routines

The hierarchicsl crganization of the major characteristics of
the strokes classified the strokes of the writing into several levels
of priority for the character compositions. The stroke group of each
level is classified into further discriminated gr ups by the order
in character combination,

To get the final decision for the recognition of the characters
from the stroke combinations which already are classified by the char-
acteristics of the strokes and orders in combination of strokes, some
furtner discriminating routines must be applied for complete recogni-
tion ot the groups which stiil have more than one member,

These routines do not have complicated functions to complete the
reccgniticn. Each routine has only independent operations from other
routines, and the operations are simple and fairly short because only
specified parts of the characteristics are checked by the routine.

Each routine might take a simple logical evaluation to compute
the relative characteristics comparing the characteristics of the

members in that class
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The evaluations of the characteristics in each routine are listed
briefly as following.
1. CCHEK
In Figure 27
if XD greater than NY/5 then check = true
else check = false
2. CVSE
In Figure 28
check the curve 1-3 compare t¢ dashed line 1-3
if the curve is lower than the dashed line
and the maximum YD greater than NY/8 then
CHA(I) = 'e' else CHA(I) = 'c¢'
3. GVSQ
In Figure 29
check the locations of the curve 1-2 regard to curve 2-3
if curve 2-3 is left 1o curve 1-2 then CHA(IL) = 'g' else
CHA(I) = 'q'
4, HKVSL
In Figure 30
check the XD between the point 1 and point 2
count two counters when
@ XD is greater than NY/5
@ XD is less than NY/5
1f counter @) is less than counter () then check = true

else check = false
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™. The evaluations of the characteristics in each routine are listed

briefly as following.
1. CCHEK

In Figure 27

if XD greater than NY/5 then check = true

else check = false

2. CVSE

In Figure 28

check the curve 1-3 compare to dashed line 1-3

if the curve is lower than the dashed line

and the maximum YD greater than NY/8 then

CHA(I) = 'e' else CHA(I) = 'c¢'
3. GVSQ

In Figure 29

check the locations of the curve 1-2 regard to curve 2-3

if curve 2-3 is left to curve 1-2 then CHA(I) = 'g' else

CHA(I) = 'q"'
4. HKVSL

In Figure 30

check the XD between the point 1 and point 2

count two counters when

@ XD is greater than NY/5
@ XD is less than NY/5
if counter @ is less than counter ) then check = true

else check = false
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Figure 27. Characteristic evaluation for CCHEK
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Figure 28.

Characteristic evaluation for CVSE
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Figure 29. Characteristic evaluation for GVSQ

Figure 30. Characteristic evaluation for HKVSL
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6.

7.

9.
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HVSK

In Figure 31

if (x(1)-x(2))/(x(4)-%(3)) greater than 1.5 and

the tangent of point 4 toward point 1 is less

than 1.0 then CHA(I) = 'k' else CHA(I) = 'h'

PCHEK

In Figure 32

if the curve 3-4 is right side to dashed line 3-4

and the curve 2-3 1is left "o the dashed line 2-3

and X(4)~X(1l) is less than YD/6 then check = true

else check = false

RCHEK

In Figure 33

if XD greater than NYD/5 then check = true

else check = false

SCHEK

In Figure 34

if the slope of dashed line 1-2 is less than 10 and X(1) is
greater than X(2) then check = true else check = false
VCHEK

In Figure 35
if X(1)-X(3) greater than NY/4 or
Y(2) greater than Y(3)-NY/2 then

check = true else check = false

e
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Figure 32. Characteristics evaluation for PCHEK
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Figure 33. Characteristic evaluation for RCHEK

X

Figure 34. Characteristic evaluation for SCHEK
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Characteristics evaluation for VCHEK
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CHAPTER VI

SELF-CORRECTION BY ITERATION
6.1 Self-Correction by Iteration

The syntax organization for this system has dealt with the error
corrections of cutting algorithms and the error corrections in stroke
combination for character compositions.

The major types of error in this experiment are classified as
the following cases; the relative position coding error, the writing
cutting error and the decision error in relative discriminating
routines.

The regular writing would match the bottom of each character to
the base line of the writing except the strokes of position code 3 and
position code 4.

The iterative algorithm for this position coding routine cover
the wider range of writings which do not match the base line of the
writing.

The iterative coding routine for positional code i1s designed
as following:

Pick the lowest point out of a group of the highest points from
each stroke, and define it as the upper base line. Pick the highest
point out of a group of the lowest points from each stroke and define
it as the lower base line. Define the allowable margin as half of the
difference between these two base lines.

Check the highest point of each stroke to determine whether the

point belongs to the upper region which 1s bounded by the upper base
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line as the bottom side line and the upper base line position plus
allowable range margin as the upper side line of the region. Eval-
uate the average of the highest point using the highest points of the
strokes which belong to the upper region. Define this average as the
new upper base line.

Check the lowest point of =ach stroke to determine whether the
point belongs to the lower region which is bounded by the lower base
line as the top side line and _“e lower base line position minus the
allowable range margin as the lowsr side line of the region. Eval-
uate the average of the lowest point using the lowest points of the
strokes which belong to the lower region. Define this average as the
new lower base line.

This routine is repeated a number of times for the iteration and
then the position coding is determined through the rules explained in
earlier chapters.

The writing cutting algorithm works well just as it is defined
in earlier chapters, except for the characters ', ‘o', ', ',
because of the uncareful writings.

The corrections for writing cutting algorithms were implemented
in syntax organization for the characters 'b' and 'o' and the hierarchy
was reorganized from the un-correcting syntax and the analyzer was
adjusted for the reorganization of the syntax.

The error from this cutting algorithm generates an improper com-
bination of the strokes for the character compositions. The feedback
loop 1is designed to cover this early level of hierarchy for the itera-

tion of this algorithm.
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The correcting routines for the characters 'o' and 'b' are quite
similar except the local organization of the priority for the compar-
ative discriminating routines.

The combination of the strokes is checked by the characteristics
of the character and the correcti.. >f the distorted information is
followed for the neighboring strokes.

The major distorted information of the neighboring stroke is the
stroke coding error. The stroke can have wrong stroke parts which
belong to the previous character.

The character correcting routine will regenerate the lost stroke
after checking the character characteristics, and other information
which was lost because of the error in writing cutting algorithm for
previous stroke will be restored by the correcting routine.

The decision error in relative discriminating routines cunies
from the threshold value of the characteristic evaluation.

Since each routine is for the comparative evaluation of the
characteristics of the members of the classified group, there are
always many relative characteristics to give solid information for
the decision.

The threshold value can be fixed by making some learning experi-
ment, and since the routine ig relatively referenced only for the
member of the cluss which the routine is related, the threshold value
can be locally relative without considering the entire system for the

optimizations.
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6.2 Stability of the Self-Correcting Algorithm

Feedback theory has been studied in many engineering aspects to
control the stable output of the analog systems.

The analog computer is another system which applies the feedback
theory to simulate a mathematical model.

A digital system can be substituted for the analog system or parc
of the analog system for control purposc or computing purpose. Digital
Differential Analvzer can be a typical example for the digital feedback
system,

The stability of the system has been discussed in many areas for
the analog system and sampled data system for the hardware organization.

The feedback theory for the stability of the software iterating
system has been implemented in this experiment during the organization
of the syntax and the criteria of the stability for iterative software
system is discussed in thig sect.on,

In Figure 36, the block diagram for the rerognition scheme was
shown and the feedback from error correcting block to error checking
blozk is designed for this experiment,

After the procedures of figure extraction, the program will start
to recognize the stroke combinations as the character composition by
checking the errors in character recognition, and it would correct
the rest of the information if any error is found by the syntax
analyzer,

The corrected information requires another iteration to check any

possible error and take ey stroke combination for the recognition,
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The number of iterations is decided by the error correcting algorithm.

To design a general control system, the stability of the hard-
ware system may be checked by the Routh Criteria (9).

For the self-corrective system by iteration, the stability will
be designed by the syntax organization, and the priority of the charac-
teristics has to be studied for each stroke, and the level of error
has to be qualified by the types of errors. The hierarchical organ-
ization for such work is always complicated, but a good solution gives

always a reliable recognition.



CHAPTER VII

CONCLUSIONS
7.1 Accuracy of Recognition

The syntax-directed algorithm for handwriting recognition was
constructed using self-correcting loops to check for writing errors
and to correct the errors made by normal writers. A simple experi-
ment without feedback loops for haidwriting recognition was constructed
during the early period of laboratory work and the recognition was
highly reliable for writers who had short training using the standard
styles,

For more reliable recognition for uncareiul writers, the feedback
loops were implemented to eliminate the major failures in recognition
by the first system. The recognition 1ate for the system with feed-
back loops was quite reliable and the types of error which were the
major errors in the early system were eliminated, and the variations
in allowable writings for normal users were much broader.

To improve the recognition for all types of writing, a number of
feedback loops should be implemented. Such increased capability to
recognize all types of writing may be of limited value because of
increased cost of operation.

The feedback loops were implemented in such a way as to widen
the range of users and also keep the efficiency of the program high,
The present degree of feedback iteration is quite reliable for the

interactive communication experiment for recognition of cursive writing.
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7.2 Further Work

For further efficiency and broader applications, the probable
future work in organizing this system can be discussed as follows.

The data tablet is required to have increased resolution for
writing recognition. The present 37 per inch resolution limits the
size of characters and the larger characters are inconvenient to
write neatly for the writers. A higher resolution tablet is impor-
tant for reliable and accurate recording of inputs.

Since the system program for the sampling procedure in the PDP-8
is link~d with other system programs in the graphics system, the speed
of the data sampling is forced to be slower than in a single purpose
graphic system. The speed of sampling procedure is another important
factor for the higher resolution system, which usually varieg depend-
ing on the size of program instruction.

A hierarchical organization with feedback loops for the positional
code may be suggested for the relative normal size coding algorithm to
correcc in the positional code which usually arise from unknown noises.
It is suggested to design the feedback loops independent of the loops
of the recognizing procedures to avoid the complexity of the system.

Also more loops can be added to the recognizing routines without
interfering with the existing loops to check the minor errors.

Simple learning procedures may be used for Some particular entries
of the syntactic organization which do not receive the reliable thregh-
old value for the decision in local discriminating routines.

This syntactic organization can employ such conventional ideas in

pattern recognition (4) in any part and as any application.
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APPENDIX

9.1 Listing of Program

@A RUN PATTERN?496606¢2+90 Y, T. KIM  SYNTAX
W ASG A=$DEVOM
M ASG G=9%9Sp2%
@ XQT CUR
IN A
BEGIN :
EXTERNAL FORTRAIN PROCEDURE BLAMK »CHAR»CHRINT 1 GETCHRGETTAB
IDI v IDLE s INTEH I LINE s LNTYPE » RELOAD » SETBUF » SETAX 2 SETMIN,
SETSIZySETSWP 2 SNOFLE » SWAP » TABAEL » TABINT» TABTOLS
INTEGER ARKRAY DFILE(1:3000),X(0:3000),Y(023000),2(1:3000)%
INTEGER A2ByDUMMY s JoKoK1oK2 o KMAX 2L o LMAX o NoSWS
STRING CHA(30)+CX(1))PCHA(2)»SCHA(B)S
LOCAL LABEL CHRIENIT»ID/MAIN,OTeXYS
RELOADS
IDI(DFILE +CUMMY) S
INTEN(2) %
SETMAX(4)9%
SETMINS
TABACLLS
SETSWP(4,4000)9%
TABINT (Lo XY) %
CHRINT(1,CHR) %
TARTOL(3)%
SETSIZ(L)S%
0T J=0% SETBUF(S,DUMMY+3) 4
SNOFLE(UFILE,DUMMY)$ IDI(DFILEDUMMY)S
ID: IDLES SwAPS
60 TO Ivs
XY: GETTAB(AIRISW)S -
IF SW NE£@ 0 THEN BEGIN J‘d+l$ X{J)=X(J=1)%
Y=Y (J-1)5 2(J)=1D ENL3S
IF SW EGL 1 THEN LNTYPE(0) £LSE LNTYPE(3)$
IF SW EWL =1 THEN GO TO MAINS
LINE(DFILE A 2R DUMMY) S
JEJ+LS X (D=5 Y(J)=BS 2(J)=2%
GO0 TO XY%
CHR: GETCHR(CX(1))%
IF CX(1) EQL *X* THEN GO TO ENITS
IDICCFILE DUMIY)S
60 TO 0Tg
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MAINS LMAX=JS
IF J LSS S50 THEN GO TO OT%
COMMENT DATA FILTER skaokkkaokdonndondo ok p sk ok sk ok gk Kok ko k sk &
FOR J=(3,1/LMAX=2) DO
IF Z(J=1) EGL 2 AND Z(J) EaL 2 AND 2(J+1) EGL 2 THEN BEGIN
IF X(J) LSS X(J=1) AND X(J) LSS X(J+1)
AND X(J+2) LSS X(J+1)
OR X(J) 6TR X(J=1) AND Xx(J) GTR X(J+1)
AND X(J+2) GTR X(J+1)
THEN X(J)=Xx(J=-1)3%
IF Y(J) LSS Y(J=1) AND Y(J) LSS Y(J+1)
AND Y(J+2) LSS Y(J+1)
OR Y(J) GTR Y(J=1) AND Y(J) GTR Y(J+1)
AND Y (J42) GTR Y(J+1)
THEN Y(J)=Y(J=1)%
ENDS%
NZLMAXS L=1% LMAX=1%
FOR J=(291¢N) DU BEGIN
IF X(J) EQL X(L) AND Y(u) EQL Y(L) AND Z(J) EQL Z(L)
OR Z(J) EGL 1 AND Z(L) EQL 1 THEN GO TO LLS
L=L+19% LMAX=LMAX+1%
X(LI=X(J)S Y(L)SY(J)S 2(L)=2(d) s
LL: ENDS
KMAX=LMAX$
IF Z(KMAX) FOL 2 THEN BEGIN X (KMAX+1)=X(KMAX) g
YIKMAX+1)=Y (KMAX) B Z(KMAX+1)=1% KMAX=KMAX+1$ END$
COMMENT BREAK WRITING skt xkndokkokok sk kkkkokokokkok kKR KKK AR B
BEGIN :
INTEGER ARRAY CHEK(0:20),0x(0:2000)+DY(022000) »JMAX(0:20),
LMAX(1320)oLXD(122001:7)pXI(1320,1:7)9LYD(12200137),
MMAX(13200027) sOMAX(1220) +PD(1220) yPMAX(122000:7)»
SCOD(1:200137)95D(1320) 9 YMAX(1220) ) YMIN(1:20)S
REAL ARRAY SScCOD(1:20)%
INTEGER DEC,DXDEC/DXINCyDYDECDYINCoI»IMAXs INCorJleJ2eLXeLY,
MeMX 011 o NEDE»NEIN)PQDE»POINy Y30 YDEC, YDEINs YINC» YINDE» YT S
BOOLEAN ARRAY XCOD(1:200187),YCOD(122001:7)5%
LOCAL LABEL LL 35
FOR K=(2y1»)KMAX) DO BEGIN
DXtK)=X(K)=X(K=1)9 DY(K)=Y(K)=Y(K=1)%$ ENDS
I=1% IMAX=13% JUMAX(0)=0% Ni=4$%
FOR K=(N1+4,1,KkMAX=1) DO BEGIN
IF Z2(K) NEG 2 THEN BEGIN
INTEGER YBIGr YSMArK3II K4S
JMAX(I)=KS MMAX(Is1)=Ks
IF K £EGL KMAX THEN GO To LL3%
IZI+1% IMAK=IMAX+1%
YBIG=0% YSMA=0%
FOR K3=(K+1,1,KMAX) DO BEGIN
IF Y(K3) GTR Y(K3=1) THEN YRIG=YDIG+1%
IF Y(K3) LSS Y(K3=1) THEN YSMASYSMA+1$
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IF Yiole G2o 8 O Y osih oo 8 Tt Qo Tu LY
IF 2(n) Wiu 2 Tibn oG KU=KoS K3IZKMAY+L . E0d BENDS
IF Y316 Lus 8 AND YSuA LLS O ThinN
HEGIN SLIIN=STD LMAK(1I)=19 KSK4=-1% E'CD
6O 10 Loy &1 Ju
IF DY(K=2) LEG U ANO DY(h=1) Lr<C U ANLD DY(K) GTi O THEM BEGII.
YINC=0% YOFrC=0% YINOVE=U® +f JLin=0%
FOR K2z (k=1r=1oJMAX(I=1)+2) DU BEGLII
IF DY(K2) LSS 0 ThHeN YaEC=YurC+1l%
1IF DY(KR2) GTR 0 THEN YNEIN=SYDEIN+1%
IF YDLC GEG 2 OR YDEIN GEN 2 OR Z(K2) NEG 2 THE.
KezJMAK(i=1)3 ENUD
FOR Klz=(F o1 eAMAK=1) DO HEGIN
IF LY (k1) LSS U THEN YIMDESYINDE+1S
IF DY(K1) GTR O TrnitN YINC=YInC+1s
IF YINC G 2 OR YLuUuE GEY 2 OKR Z2(K1) NEG 2 OR
ZIR1+L) NFQ 2 UOR 2(nl142) NEQ 2 THLWN KIZKMAXe E4DS
IF YOEC whEe 2 wiND YINC GEw 2 THEN ECGIN I=I+13 IMAX=IMAX+17
JMAX (1) =KS
IF JMAX(1=1)=JdMAX(I1=2) LSS 4 AN, SL(I=-1) MNEQ 7 THEN PEGIM
I=I=-1% IMAX=1IMAX=1% END% t:ND$% END$
~L3ds JMAX(I)=KD MMAX(Iv1)=K$
ENNS
IF JMAX(IMAKL) =JihiaX (IMAX=1) LSS 6 AND SD(IMAX) i@ 7 THEN
IMAXZ [MAX=1%
FOR I=(1,1¢s1M7A) DO BESIN CHA(I)='+'% CHEK(I)=2w
PD(I)=0% . I35
COMMENT Bttt K CURVE  # ¥doakoop ook % ok K K0k K ok BORKK ROk K¥0p # KAk ek kk $
MMAX(1ou, 0%
FOR I=(1l,1+11'AX) DO BEJLIN
FOR L=(iels7) DO BEGCIN
LXI(LoL)=05 LXD(IoL)=0h LYD(1r)=0% ENDS
IF I GTR 1 THEN MMAX(Ie0)=MEAX(I=1/LMAX(I~1))9%
IF SD(I) ErL 7 THEN GO TO LL5%
L=1% LMAX(I)=1% MMAX(Ir1)=JAAX(I=1)+79%
FOR J=(JMAX(I=1)47¢1sJ4AX(I)) DO BEGIN
IF DX(J=2) LEQ U AND wx(J=1) LEQ 0 AND DA(J) GTR 0 THEN A*
NEUE=0SF NEIN=0% PODE=0% POIN=G3:
FOR Ji1=(Jr1eJdAX(1)) DO REGIN
IF DX(J1) LSS 0 THEN PODE=PODL +1%
IF UX(J1) GTR 0 THEN POIN=POIN+1%
IF POIN GiQ 2 Ois POUE GFQ 2 Thiue J1ISUMAX(I)+1% ENDS
FOR Je=(J=1r=1,MMAA(1rL=1)42) DO i.EGIN
IF Ox(J2) LSS 0 THEN NEDE=NEDL+1%
IF DX(J2) 6TR v THEN NEIN=NEIN.+1%
IF NEDE GEQ 2 O NEIN GEQ 2 THEN J2SMMAX(IsL=1)% ENDd
IF NESE GEQ 2 AND POIN GEQ 2 THEN LXI(I,L+1)=19% ENDS
IF DX(J=2) GEQ 0 AND DX(J=1) GEQ 0 AnD DX(J) LSS 0 THEN BEGTI
NELE=0% NLIN=0% PODE=03 POIN=0L4
FOR Ji=(Jrl1eJMAX(1)) DO BEGIN
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IF DX(J1) LSS 0 THEN PODE=POGE+1%
IF DX(J1) GTR 0 THEN POIN=POIN+1%
IF PUIN GEG 2 OR PODE GEG 2 THEN J1=JMAX({I)+1% ENDS
FOR J2=(J=1r=1)MMAX(IsL=1)+2) DO BEGIN
IF DX(J2) LSS 0 THEN MEDESNEDE+1%
IF DX(J2) GTR 0 THEN MNEINSNEIN+19S
IF NEIN GEG 2 OR NEDE GEQ 2 THEN J2=MMAX(I.L=1)% END%
IF NEIN GEN 2 AND PODE GEw 2 THEN LXD(I.L+1)=1% ENDS
IF DY(J=2) GEQG 0 AND DY(J=1) GEQ 0 AND DY(J) LSS 0 THEN BEGIN
NEDE=0% NEIN=0% PODE=0+% POIN=0%
FOR Ji=(Je3rJuMAX(I)) DO BEGIN
IF DY(J1) LSS 0 THEN PODE=PODE+1%
IF DY(J1) GTR 0 THEN POIN=POIN+1%
IF POIN GEQ 2 OR PODE GEQ 2 THEN J1=SJMAX(I)+1% END%
FOR J2=(J=1¢r=1/MMAX(I/L=1)+2) DO BEGIN
IF DY(J2) LSS 0 THEN NEDE=NEDE+1%
IF DY(JZ2) GTR 0 THEN NEIN=NEIN+1%
IF NEIN GEQ 2 OR NEDE GE® 2 THEN J2=MMAX(I(L=1)% END%
IF NEIN GEQ < AND PODE GEQ 2 THEN LYD(I.L+1)=1% END$
IF LXI(IoL+1) EQL 1 OR LXD({oL+1) EQL 1 OR LYD(I,L+1) EOGL 1
THEN BEGIN Lz=L+1% LMAX(I)=LMAX(I)+1% MMAX(I,L)=J$ END
ELSE MMAX({IoL)=J$ ENDS
LLS5: END3
COMMENT NAME CURVE  #okokakdon ok sk ¥k K Kok sk ok k3 Kokok ook ok Kook okokkokok -
FOR I=(1,1,IMAX) DO BEGIN IF SD(l) EQL 7 THEN GO TO LL4%
FOR L=(1,1,LMAX(I)) DO BEGIN '
DXINC=0% DXDEC=0% DYINC=03 DYDEC=0%
FOR K= (MMAX(IeL=1)4291emMax(IeL)) DO BEGIN
IF DX(K) GTR 0 THEN DXINC=DXINC+1%
IF DX(K) LSS 0 THEN DXDEC=DXDEC+1$
IF K GTR MMAX(LlrL=1)425 THEN K=MMAX(I.L)+1% ENDS
FOR K= (MMAX(IoL=1)+2¢10ettaAXx(IeL)) DO BEGIN
IF DY(K) GTR 0O THEN DYIMC=DYINC+1%
IF DY(K) LSS 0 THEW DYDEC=DYDEC+13
IF K GTR MMAX(IesL=1)425 THEN K=MMAX(I,L)+1% ENDY
IF DXINC GTR DXDEC THEN Xcou(I«L):-TRUE ELSE
XCOL(IoL)=FALSES
IF DYINC GTR DYDEC THEwW YCOD(I L)=TRUE ELSE
YCOD(IsL)SFALSES
IF XCOD(IoL) AND YCOC(I, L) THEN SCOD(I(L)=3 ELSE
IF ACOD(Iel.) AND NOT YCOD(I,L) THEN SCOD(I,L)=2 ELSE
IF NOT xcoD(I.L) AND YCOD(I.L) THEN SCOD(I.L)=1 ELSE
SCOO(IvL)=69 ENDS
FOR K=(1,1¢3) DO BEGIN
MELMAX(I)=1%
FOR L=(1,2,M) DO )
IF SCoD(IsL) EGL SCou(i,L+l)
OR SCOD(I,L) EQL 1 AND SCOD(IoL+1) EQL 3 THEN BEGIN
FOR J=(Le1leM) DO HEGIN
MMAX (I e J)SMMAX(I »J+1)9
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SCOD(Ly I=SCOUCT v utl)D ENED
LMAXCI)=LMAX I I) =1y o= MAX(I)=1% EMUS
ENDY
FOR L=(1,1oLMAX(I)) DO LLGII:
IF SCOLCTIPL) EOL o THeN Soin(ll=zrer ELSE
IF SCuD(I.t.) EQL THEN scHA(L)I=v1l ELSE
IF SCOU(I»L ) EQL THEN SCHa(L)='gr ELSE
IF SCOD(I L) EGL 2 Thed SCHA(L)I='2 ELSE
IF SCob(Il.i) EQL THEN SCHA(L)='7'g
SSCOD(I)=SSCOLCII+SCOD(1 L) x10*%(=L.)% ENDS
SD(I)=55COoD (1) *L0xxLMAX(I) S
LLé: FOR J=(LMAX(I)+1,198) DO SCHA(J)=' %
SCHA(R)=rv41%
LNTYPE(0)%
K1=b0% K2=500=1+350%
LINE(DFILE K1 Kg oDUMMY) Y
CHAR(DF1LE»SCHA» DUMMY ) o
ENDS
FOR I=(1,1+JMAX) DU UEGIN
OMAX(I)=LMAX(1)%
FOR L=(0s1,LMAX(I)) DO PMAX(IL)=MMAX(IL)S CNDS
CUMMENT B GIM OF PROCS 0k ok ook Kok dkop sk ok ok kofolokokok Kok ok kokk kok
BEGIN
INTEGER ARRAY AL(1:20G) YAV (1:20) v XAV(1:20)FYMI(1:20)%
INTEGFR SACK s RMINeDISToHD»1C s IXrIRPJIrIXPKYoLXoM1oM2oMJIINYD o
SLDeSLIvSMAX e TINeTIXs TMAX e THINI XL 9 XRS
BOOLEAN CLOS CYES»FEED 1 HKYE » 0SCLrPYES)RYES»SYES)VYESS
PROCEDURE SORMAX(T»IoJMAXP TIIAX MJ) S '
INTEGER ARFAY To»JMAX» TMAXD
INTEGER ToMJUS
BEGIN
INTEGER J»TBIG%
Tur6=09%
FOR J=(UMAX(I=1)+3,1oJMAX(I)) DO
IF T(J) GTR TBIG THEN BEGIN TBIG=T(J)$ MJ=J$ END%
TMAX(I)=TBIGS
ENDS
PROCEDURE SORMIN(TrIoJMAXe TMINIS
INTEGER ARRAY ToJMAX» TMINS
INTEGER 1%
BEGIN
INTEGER JrTSMAS
TSMAZ1000%
FOR J=(UMAX(I-1)+3,1,JdmAX(I)) DO
IF T(J) LSS TSMA THEN TSMA=T(J)S
TMIN(I)=TSMAS
END%
PROCEDURE AVSO(XrYrLMAX s MMAX»CHA» I+CHEKeNYD)S
INTEGER ARRAY XoYoLMAXoMMAX 2 CHEKS
INTEGER IoNYDS

N e

-~
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STRING CHA®
BEGIN
INTEGER XL XD (oY oilo i1 o M20 CONT »MT 0 MRS
ABz=0% XD=U% YH=0ub KY=0% CONT=0%
FOog M:(MMAX(I+lv0)+2n1.MMAX(I+1.LMAX(I+1)-1)) 3O BEGIN
IF Y(M) GTR V3 TH.-!'i BEGIN YB=Y(M)$ MT=M3% END$
IF X(M) GTR Al THeN BEEGIN XE=X(M)S MR=N$ END$ ENDS%
FOR M= (MRyLoMMAX (I+1,LIAX(I+1))=5) DO
IF X(M+1) LSS x(m) AND Y(M+1) GTR Y({M) THEN
CONT=CONT+1i%
FOR M2Z(MT,»1sMMAX(I+1,LMAX(I+1))=5) DO
FOR M1=(MTy=1sWMAX(TI+1,0)4+5) DO
IF Y{M2) GEQ Y(M1) AND Y (M2) LEG Y(M1+1) THEN
BEGIN
IF X{ril)=X(142) GTR XD THEN XD=X(M1)=X(M2)%
MI=MMAX(I+1,0)4% ENDS
FOR M=(MTo1sMMAX(I+1,[AX(I+1))) DO
IF Y(M) LSS Y(MMAX(I+1+0)+1)+NYD/2 THEN BEGIN
IF X(M) GTR XB+MYD/8 THEN KY=1%
M=MMAX(I+1)LMAX(I+1))+15 ENDS%
IF X0 GTR NYD/5 OR KY £GL 1 OR CONT GEQ@ 4 THEN
CHA(I)='0r ELSE CHA(T)='A'S
CHA(I+1)='='3 CHEK(I)=1% CHEK(I+1)=1%
ENDD

PROCEDURE BCOREC(XoYoLMAX'GMAXoMMAXrPMAXrCHArIvCHEKrFEEDrSDv
NYD) %

INTEGER ARRAY XIY'LMAX'OMAX'MMAXDPMAXDCHEK'SDS
INTEGER I+NYDS$ ’
BOOLEAN FEEDS
STRING CHAS
BEGIN
INTEGER ML oM oMBIME D IDISTILILEsMeTY,» YRS
DIST=1000% BD=1000% YB=0%
IF LMAX(I+1) GTR 1 THEN MB=2 ELSE MB=1$
FOR M2Z(MMAX(I+190)+1,1,MMAX(I+1,MB)) DO
FOR MIS(MMAX(Io0)+1r1, vMAX(I»1)) DO BEGIN
DISTZSART ((X (ML) =X (M2) ) k%24 (Y (M1) =Y (M2) ) %%2)$
IF DIST LSS B0 THEN REGIN BD=DISTS ME=M2% END$ ENDS
IF BD LSS NYD/4 THEN DEGIN
FOR L=(1,1/LMAX(I+1)) DO
IF ME GEQ MMAX(I+1s,L=1) AND ME LEG@ MMAX! [+1,L)
THEN DEGIN LEzL=1%
MIZ10%x (LMAX(I+1)=LE)S
SUCI+1)=SD(I+1)~(SD(I+1)//7M1) xM1g
LELMAX(I+1)+1% END%
FOR L=(LErsLisLMAX(1+1)) DO
MMAX (I+1oL-LE)=MMAX(I+1,L)S
LMAX(I+1)=LMAX(I+1)=LES
FOR L=(1s1,0MAX(I+1)) DO
IF ME GEG PMAX(I+1sL=1) AND ME LEQ PMAX(I+1,L)
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THEN RFEGIN LEzL=1% L=OMAX{(I+1)+15 ENDS%
IF PMAX(I+1leLE+1l) =l LSS 5 THEN LE=LE+1%
FOR L=(LEs1rOMAX(I+1)) DO
PMAN(TI+1 ol ~LE)=PMAX(I+190) 5
OMAX(I41)=0OMAX(I+1)=LES
IF CHEK(I) EOGL 2 THEN BEGIN CHA(I)='D's
CHEK(I)=1% ENUS
IF OMAX(I+1l) GTR 1 THEN FEEC=TRUE ELSE FEED=FALSES%
END ELSE BEGIN CHA(I)='Lvs CHEK(I)=1% ENDS%
IF OMAX(I+1) LEOQ 1 AND RD LSS NYD/4 THEN BEGIN
M1=ME+1$ M2=MMAX (I+1LMAX(I+1))=1%
FOR M=(M1s1eM2) DO DEGIN
TYSY (ML) +(Y(M2) =Y (M1) )k (X (M)=X(M1))/(X(M2)=X(M1))%
IF Y(M)=TY GTR YA THEN YB=Y(M)=TY$ ENDS%
IF YB/NYD GTR 0.3 THEN CHA(I+1)='R'$
CHA(I+1)='=v% CHEK(I+1)=1% END$%
END%
PROCEDURE CCHEK(XoYrLMAXsMMAXsI2CYES)NYD)S
INTEGER ARRAY XoYoLMAX?MMAXS
INTEGER INYDS
BOOLEAN CYESY
BEGIN
INTEGER MsMLoMRy XUBrXDs XSMA¢XTEMS
XL=0% XSMA=1000% xXD=0%
FOR M=(MMAX(I«0)+1r1sMHMAX(Iv2)) DO
IF X(M) GTR X3 THEN BEGIN XB=X(M)$ MR=M$ END$
FOR M=(MMAX(Iv1)+10lyMMAXC(ILMAX(I))) DO
IF X(M) LSS XSMA THEN BEGIN XSMA=ZX(M)$ ML=MS$ END$
FOR M=(MR+1s1leML=1) 0O REGIN
XTEM=X(MR)+ (X (ML) =X (MR) ) %® LY (M) =Y{(MR))/(Y{(ML)=Y(MR))S
IF XTEM=X(M) GTR XD THEN XD=XTEM=X(M)}$ END%
IF XD GTR NYD/5 THEN CYES=TRUE ELSE CYES=FALSES
ENN%S
PROCENURE CLOSE(X»YsOMAXsPMAX» IoXReNYDsCLOS) S
INTEGER ARRAY Xo Y OMAXePMAXS
INTEGER IeNYD»XRS
BOOLEAN CI.0S%
BEGIN
INTEGER Mol eME s X3eDS»ISTS
D5=1000% XB=0%
IF OMAX(I+1) GTR 1 THEN BEGIN
FOR M= (PMAX(I+0)+1+1,PMAKL(IIXR)) DO
IF X(M) GTR XB THEN BEGIN XB=X{(M)3 MB=M$ ENDS
FOR M=(PMAX(I+1o1)+1s1,PMAX(I+1,OMAX(I+1))) DO BEGIN
DIST=SART((X(MB)=X (M) ) *%2+ (Y (MB) =Y (M) ) x*2) %
IF DIST LSS LS THEN RBEGIN DS=DIST$ ME=M$ END$ END%
IF X(ME)=X(MB) LSS NYD/5 THEN CLOS=TRUE ELSE
CLOS=FALSES END ELSE CLOS=FALSES
ENDY
PROCEDURE CVSE(X»YrLMAX)MMAX2»CHA»I»CHEKNYD)S
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INTEGER ARRAY XoYoLMAXeMMAX 2 CHEKS
INTEGER IoNYD$

STRING CtiAs

BEGIN

INTEGER MpM1oM2oML MiipMRs YD e YT 9 XS XBoCYEPEYES
X5z2000% XB3=0% YD=0m CYE=0% EYE=0$%$
FOR M= (MMAX(I+0)+1s1sMIAX(TI02)) DO
IF X(M) GTR X8 THEN BEGIN XB8=X(M)$ MR=M3 END3
FOR M=(MMAX(Ir1)+1s1,mMAXCIoLMAX(I))) DO
IF X(M) LSS XS THEN BEGIN X5=X(M)$ ML=M$ EZND%
FOR Mz (MMAX(Ie0)+1s1,MMAXK(Ir2)) DO
IF X(M) GTR X(ML) THEN BEGIN MB=M$ M=MMAX(Ir2)+1% END%
FOR M=(MB+1s1¢/MR=1) DO BEGIN
YTIY (MB)+ (Y (MR) =Y (Mi3) )k (X (M) =X (MB) )/ (X(MR)=X(MB)) %
IF Y(M)=YT LSS 0 THEN EYE=zEYF+1 ELSE CYE=CYE+1$ END%
FOR M1=(MRs1/ML) DO FOR M2=(MR=1,=1,MB) DO
IF X(M1) GEQ@ X(M2) AND X(M1) LEQ@ X(M2+1) THEN BEGIM
IF Y(M1)=Y(M2) GTR YD THEN YD=Y(M1)=Y(M2)$
M2=MB=-1% ENDS$
IF YO GTR NYD/8 AND EYE GTR CYE THEN CHA(I)='E' ELSE
CHA(I)='C'$ CHEK(I)=1%

ENDSD
PROCEDURE FIYMIN(T»IsJMAXeTMIN,YB)S

INTEGER ARRAY ToJMAX» TMINS
INTEGER 1/YB%

BEGIN

INTEGER JrTSMAISLYS
TSMA=1000%

FOR Jz=(JUMAX(I=1)+291,JMAX(1)) DO BEGIN
SLYST(U)=T(J=1)%
IF SLY GEQ 0 AND 7(J) LEQ YB THEN GO TO LL7%
IF T(J) LSS TSMA THEN TSMAST(J)$

LL7: ENDS

TMIN(I)=TSMAS

ENDS
PROCEDURE GVSQ (XY oLMAX s MMAX»CHA» I»CHEK/NYD) $

INTEGER ARRAY X»YoLMAX?MMAX ¢ CHEKS
INTEGER I+NYDS

STRING CHAS%
BEGIN

INTEGER Mrml o XGeXWr YS9
X6=0% XQ=0% YS=2000%
FOR M=(MMAX(I+1s1)el,MiAX(I+1LMAX(I+1))) DO
IF Y(M) LSS YS THEN YS=Y(M)S
FOR M=(MMAX(I+2/90)+1,1sMMAX(I+2,1)) DO BEGIN
FIR MIZ(MMAX (I+1o L MAX(I+1))r=1oMMAX(I+1,
LMAX(I+1)=1)+45) DO
IF Y(M) GEQ Y(M1+1) AND Y(M) LEQ@ Y(M1) THEN BEGIN
IF X(M) GTR X(M1) THEN XQ=XQ+1 ELSE XG=XG+1%
M1=MMAX (I+1,LMAX(I+1)=1)% ENDS
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¢ IF Y(M) GTR YS+NYG/2 THEN M=MMAX(I42,1)+1%
ENDS
IF X6 GTR XQ THEN CHA(I)='G' ELSE CHA(I)=1Q'g
CHEK(I)=1% CHEK(I+1)=193 CHA(I+])=t='g
ENDD
PROCEDURE HKVSL (XsY»LMAXsMMAX» I+ HKYE,NYD) $
INTEGER ARRAY XoYoLMAX?MMAXS
INTEGER I/MYDS
BOOLEAN HKYES$
BEGIN

INTEGER MaMLoM2oYS»XKo XL
Y5=20003 XK=03% XL=0%
FOR M= (MMAX(I+1,0)+1,1sMMAX(I+161)) OO
IF Y(M) LSS YS THEN YS=Y(M)$
FOR M2=(MMAX(I+190)+1s1sMMAX(I+1,1)) 0o BFGIN
FOR M1=(MMAX(IoLMAX(I))o=1sMMAX(I,LMAX(I)=1)+2) DO
IF Y(M2) GEQ Y(M1+1) AND Y(M2) LEQ Y(M1) THEN BEGIN
IF X(M2)=X(M1) LSS 5 THEN XK=XK+1 ELSE XL=XL+1%
MI=MMAX (IoLMAX(I)=1)% ENDS%
IF Y(M2) GTR YS+NYD/3 THEN M2=MMAX(I+1,1)+1% ENDS
IF XK 6TR XL THEN HKYE=TRUE ELSE HKYE= FALSES$
ENDS
PROCEDURE HVSK(XsYsLMAX»MMAX »CHA¢»I»CHEK)S
y INTEGER ARRAY XeYrLMAX 2 MMAX » CHEKS
wr INTEGER 1%
STRING CHA%
BEGIN
REAL T9%
INTEGER MyM1sM29M3yMX»XL o XUr XBS
MI=MMAX (1o LMAX(I)=1)% M2=MMAX(I LMAX(I))S$
MI=MMAX (I+1,LMAX(i+1)=1)% XB=0%
FOR M=(M2+1¢r19sM3=1) DO IF X(M) GTR XB THEN BEGIN
XB=X(M)% MX=M% ENDS
FOR M=(M1+1,1,M2) DO
IF Y(MX) LEG Y(M) AND Y(MX) GEQ@ Y(M+1l) THEN BEGIN
XU=X(M)$ M=M2+1% ENDY
FOR M=(M1+1,1,M2) DO
IF Y(M3) LEQ Y(M) AND Y(M3) GEG Y(M+1) THEN BEGIN
XL=X{(M)3® M=M2+1% ENDS
TS(Y (M3=3)=Y (M3) )/ (X(M3=3)=X(M3))$
IF T LSS 1.0 AND (XB=xU)/(X(M3)=XL) GTR 1.5
THEN CHA(I)='K* ELSE CHA(I)='H'g
" CHA(l+1)='='$ CHEK(I)=1% CHEK(I+1)=1%
ND%
PROCEDURE OCOREC(X»Y,LMAX?» ONAXrMMAX PMAX2SD» 1, NYD!FEED XR)s
INTEGER ARRAY X»Y,LMAX»OMAX 2 MMAX»PMAX)»SDS
INTEGER IoNYDsXRS
BOOLEAN FEED%
k BEGIN
INTEGER M1,M2yMCoMEIMT oL LE2XBsXGrOD»DIST» YD Mo YBr» TYS



C

T S R g i

96

X6z=0% 0LU=1000% DIST=1000% FEEN=FALSES YR=0%
FOR M1I=(PMAX(1,0)+301,PMAX(L,XR)) DO
IF X(M1) GTR X6 T BEGIN X6=X(M1)% MT=M1% ErDS
FOR M2=(PMAX(I+1o1)+lo1.PMAX(I+1;OMAX(I+1))) DO BEGIN
DIST:SWRT((X(MZ)'X(MT))**2+(Y(M2)"Y(MT))**2)$
IF DIST LSS 0D THEN BEGIN 0OD=DISTS MC=M2% END3
ENDB
MESMMAX CT+1 ) LMAX(I+1)) %
XBIX(MC)+NYD/5%
FOR M2=(MC;1-MMAX(I+1.LMAX(I+1))) 00
IF X(M2) LEQ XB AHD X(M2+1) GEQ@ XB THEN BEGIN
ME=M25 M2ZMMAX (T +1,LMAX(I+1))+1g ENDS
YD:Y(ME)-Y(MMAX(I+1o0)+1)$
IF YO LFGQ 0 THEN YD=21
IF (Y(MC)-Y(MMAX(I+1.0)+1))/YD LSS 2.0 THEN
FEED=TRUE ELSE FEED=FALSESg
IF FEED AND 0D LSS NYL/u THEN BEGIN
FOR L=(1.1,LMAX(I+1)) DO
IF ME GEQ MMAX(I+1,L=-1) AND ME LEQG MMAX(I+1,L)
THEN BEGIN LF=L~1%
LE=L=-1%
M1I=10%x (LMAX(I+1)=LE)S
SD(I+1)=SD(I+1)-(SD(I+13//M1)*M1$
L=LMAX(I+1)+1% ENDS
FOR L=(LEr1,LMAX(1+1)) DO
MMAX(I+1oL-LE):MMAX(I+1oL)$
LMAX(I+1)=LMAX(I+1)-LE$
FOR L=(1,1o0MAX(I+1)) DO
IF ME GEQ PMAX(I+1,L=1) AND ME LEQ PMAX(I+1,L)
THEN BEGIN LE=L~1$% L=OMAX(I+1)+1% ENDS
IF PMAX(I+1,LE+1)=MF LSS 5 THEN LE=LE+1%
FOR L=(LE,1,0MAX(I+1)) DO
PMAX (I+1,L=LE)=PMAX(I+1/L)%
0MAX(I+1)=OMAX(I+1)-1$
END%
IF 0D LSS NYD/4 AND UMAX(I+1) LEG 1 THEN BEGIN
MI1=ME+19 M2=MMAX(I+1;LMAX(I+1))-15
FOR M= (M1s19M2) DO BEGIN '
TY=Y(M1)+(Y(M2)-Y(M1))*(X(M)-X(Ml))/(X(MZ)-X(Ml))s
IF Y(M)=TY GTR Y13 THEN YB=Y(M)=TY$ ENDS$
IF YR/NYD GTR 0.3 THEN CHA(I+1)='Rrg
CHA(I+1)=vmrg CHEK(I+1)=1% ENDS%
ENDS
PROCENURE: OSCULA(XvYoLMAX!MMAXvIoNYDvOSCL)S
INTEGER ARRAY XoYoLMAXvMMAXS
INTEGER IsNYD$
BOOLEAN 0OSCL%
BEGIN
INTEGER MsMLoXBrXSeYSS
XB=0% XS=0% YS=20003%
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FOR M:(MMAX(I+1:0)+1.1.
IF Y(M) LSS YS THEN YS=Y (M) g
FOR M:(MMAX(I+170)+1'1'MHAX(I+1'1)) 00 BEGIN
FOR Ml:(MMAX(IvLMAX(I))v-lvMMAX(IvLMAX(I)-1)+2) No
IF Y(M) GgEQ Y(

MI+1) AND Y(M) LEQ Y(M1) THEN BEGIN
IF X(M)=x(M1) L35 5 THEN XS=xS+1 ELSE XB=XB+1%
Ml:MMAK(IvLMAX(I)~1)$ ENDS

IF Y(M) 6TR YS+YO/3 THEN MZMMAX (I+1,1)+1% ENDS

- IF XS 6TR xB THEN 0SCL=TRUE ELSE OSCL=FALSE
b

PROCEOUKRE PCHEK(XvaLMAXvMMAXvI
INTEGER ARRAY Xo Yo LMAX MMAX S
INTEGER I:YBiNYDS
EQOLEAN PYESS
BEGIN

INTEGFR M'MA'MB'ML'MT'Y
YT=0% XD=0g XNE

MMAX(I+1,1)) po

'PYES)NYD,YB) $

T'DXR'CXL'XD'XSMA'XNE'NOPS
=03 NOP=04 XSMA=2000%"
FOR M:(MMAX(I+1'0)+1|1DMMAX(I+1'2)) Do

IF Y(M) G6TR YT THEN REGIN YT=zyY(M)g MT=M$ END$
FOR M:(MT'1'MMAX(I+1.LMAX(I+1))) DO

IF X(M) Lss XSMA THEN BEGIN XSMA=X (M) $ ML=M$ END$
FOR M:(NMAX(IDI)'I'MMAX(I'Z)) DO

IF Y(ML) LEgQ Y(M) AWD

MA=M MEMMAX (1,2)+1% ENDg
FOR M:(MMAX(I+1'O).1.NMAX(I+1o1)) DO

IF Y(ML) GEq Y(M) AND Y(ML) LEQ Y(M+1) THEN BEGIN
MRIM% MEMMAX(I+1,1)+19% ENDS
FOR M= (MT+1,1sMi=1) D0 REGIN

DXL=X(MT)+(X(ML)-X(MT))*(Y(M)-Y(MT))/(Y(ML)-Y(MT))S

IF X(M)=DXL LSS 0 T:eN NOP=NOP+1% END%$
FOR M:(MU+2'10MT-2) NG REGIN

DXR:X(MB)+(Y(M3-Y(MH))*(X(MT)-X(MB))/(Y(MT)-Y(MB))S
IF DXR=X(M) GTR XD THEN XD=DXR=X(M) ¢
IF DXR=Xx (M) Lss 0 THEN XNE=XNE+1% END$S

IF nOP LEQ 1 ANGC XNE LEQ 1 AND XD 6TR NYD/10 AND

X(ML)=X(Ma) LSS NYD/6 THEN PYESSTRUE ELSE
PYESzFALSES
ENDY

PROCEDURE RCHEK (KoY oL

MAX:MMAX01'RYESONYD)$
INTEGER ARRAY X,Y

' LMAX o MMAXS
INTEGER I,NYDS$
BOOLEAN RYFSs
BEGIN
INTEGER Mo ML P MT» Y8, Xus

Yu=09
FOR M:(MMAX(IvO)+1é1'MMAX(IvZ)) Co

IF Y(M) GTR YB THEN BREGIN YBIY(M)$ MT=Ms ENDS
FOR M:(MT.-I:MMAX(Iv0)+1) DO

IF Y(M) Lss Y(MT)=NYD/4 THEN BEGIN ML=Ms
M=MMAX(I,0)3 END3
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FOR M:(MT:loMMAX(IuLMAX(I))) DO
IF Y(ML) LEg Y{M) AnD Y(ML) GEQ Y{(M+1) THEN BEGIN
XDSX (M) =X (ML) %
M:MMAX(I:LMAX(I))+1$ ENDS$
IF XD GTR NYD/S5 THEN RYESZTRUE ELSE RYES=FALSES
ENDS
PROCEDURE SCHEK(XIY'MMAX'I'SYES'SD)S
INTEGEK ARRAY X'Y'MMAX'SD$
INTEGER Ig
BOOLEAN SYESs
BEGIN
INTEGER M,N%
REAL SsLoP3
IF su(l) EgL 36 OR SD(I) EqL 362 THEN M=2 ELSE
IF sp(I) EQL 326 GR SD(I) EQL 3267 THEN M=3$%
M=3%
LSc: N=N+1%
IF X(MMAX(19M)=iy) EQL X (MMAX(I,M)) THEN GO TO LSCs
SLOP=(Y(MMAX(I'M)-N)-Y(MMAX(I'M)))/
(X(MMAX(I!M)-N)-X(MMAX(I'M)))5
IF X(MMAX(I'M)—N) GTR X(AMAX(IoM)) AND SLOP LSS 1.0
THEN SYES=TRUE ELSE SYES=FALSES
ENDS
PROCEDURE VCHEK(X'Y'LMAX'MMAX'I'VYES'NYD)$
INTEGER ARRAY X'YILMAX'MMAXS
INTEGER I/NYD$
BOOLEAN VYESS
BEGIN
INTEGER MeMBYMT» Y39 MES
Yu=0%
FOR M=(MMAX(I+1'0)+1'1oMMAX(I+1'LMAX(I+1))) DO
IF Y(M) GTR Y8 THEN BEGIN YBIY(M)$ MT=Ms ENDS
FOR M:(MT'lIMMAX(I+lILMAX(I+1))) DO
IF Y(M) LsS Y(MT)=NYD/2 THEN BEGIN
MR=Mg MSMMAX (I+1 'LMAX(I+1))+18 END$
IF X(MB)=x(MT) GTR NYD/4 OR
Y(MMAX(I+10LMAX(I+1))-1) GTR Y(MT)=NYD/2 THEN
VYES=TRUE ELSE VYES=FALSES

FOR I=(1,1,1MAX) DO
IF SD(1) EeL 32626 OR SD(I) E£QL 3626 OR SD(I) ECL 2626 THEN
BEGIN CHA(I)=vzvg CHEK(I)=1% END$ ;
COMMENT STAIRING CODE *********************************** $
FOR I=(1,191MAX) DO BEGIN |
SORMAX(Y'I'JMAX'YMAX'MJ)$ SORMIN(Y;I'JMAXIYMIN)ﬁ
XB(I)=X(MJ)$ YB=Y(MJ) %
FIYMIN(Y:I'JMAXvFYMIozooo)s ENDs
FOR I=(1v19IMAX) DO BEGIN
IF SD(I) EqL 326 OR SD(I) ZQL 36 OR SD(I) EqL 26 THEN BEGIN
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IF SD(1+)) Eul 326 OR SH(I+1) EQL 36 OR SD(I+1) EQL 26
THEN REGIiy
YB=03 XL=03 XR=04%
FOR M=(MMAX(I+100)+101'MMAX(I+1r1)) DO
IF y(») OTR YB THEN BEGIN YBzY (M) S Mu=M$ END$%
M2:MMAX(I+1.LMAx(I+1))-1$
FOR M:(Md+101oM2~1) DO BEGIN
DIST:X(MJ)+(Y(M)-Y(MJ))*(X(Mz)-X(Md))/(Y(MZ)-Y(MJ))S
IF X(M) LSS 0IST THEN XL=XL+1$
IF X(M) 6TR DIST THEWN XR=XR+1% END$
IF XR 6TR XL THEN BEGIN
IF (YMAX(I+1)-FYMI(I))/(YMAX(I)-FYMI(I)) LSS 0.7 AND
(YMAX(1+1)-FYMI(I))/(YMAX(I+1)-FYMI(I+1)) LSS 0.7
THEN BEGIN
IF XB(I+1)=x3(I) LSS 10 THEN BEGIN
CHA(I)='2¢g CHa(I+1)=v=rg CHEK(I)=1% CHEK(I+1)=1%
ENDS
P_— YMAX(I+1):YMAX(I)$ ENDS ENDS ENDS$ END%
=0%
IF SD(1) EaL 326 OR SD(I) EQL 36 THEN BEGIN
IF SD(I+1) EQL 32 OR SD(I+1) EQL 12 OR SD(I+1) EGL 2 THEN
EGIn
FOR M:(MMAX(IoO)+101oMMAX(101)) (3]0]
IF Xt3(I+1) GEQ@ X(n) AND XB(I+1) LEQ X(M+1) THEN BEGIN
MX=M3 M=MMAX(I.1)+1$ ENDS
1F XB(I)=XE(I+1) 6Tk 5 AND YMAX(I+1)-Y(MX) LSS 3 THEN
Y=1%

KY=
IF KY EQL 1 THEN BEGIN
IF CHEK(I=1) nEQ 2 THEN BEGIN CHA(I)='Srg CHA(I+1l)=vmrg
CHEK(I)=13 CHEK(I+1)=1% ENDS
IF I Geq 2 THEN BEGIN
IF SD(I=1) EQL 36 OR SD(I-1) EGL 316 THEN BEGIN
NYD=YMAX(I)-YMIN(I+1)$
HKVSL(X:Y!LMAX:MMAX:I-IoHKYEoNYD)S
IF NOT HKYE THhEN BEGI;) CHA(I)=r'grg CHA(I+1)='-'$
CHEK(I)=1% CHEK(I+1)=1% END ELSE BEGIN
IF YMIN(I+1)-Y(JMAX(I~1)-1) LSS 0+5%NYD THEN BEGIN
CHA(I)=targ CHA(I+1)=v=1g CHEK(I=1)=13% CHEK(I)=1%
CHA(I=1)='Kr g CHEK(I+1)=1% END ELSE
IF (YMAX(I)-YMIN(I-l))/NYD GTR 1.5 THEN BEGIN
CHA(I)=tmrg CHA(I+1)=Varg CHEK(I=1)=1% CHEK(I)=1%
CHA(I=1)='prg CHEK(I+1)=1% END$ ENDS ENDS ENDS
YMAX(I+1)=YMAX(I)5 YMIN(I)=YMIN(I+1)S
END$ FND$ EnDs END%
COMMENT NAME POCODE *t****y****************************v* $
BMIN=¢s SMAX=2000%
FOR I=(1,1,1MAX) DO BEGIN
IF SD(I) EnL 7 OR SO(I) EoL 3 OR SO(I) EQL 13
OR SD(I) E6L 12 OR SD(I) EQL 2 OR SD(I) EQL 23
OR SD(I) EaL & OR SD(I) EaQL 1 THEN 60 TO LN1g
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IF YMIN(Y) GTR BMIN THEN BRMINZYMIN(I) S
IF YMAX(I) LSS SMAX THEWN SMAXZ=YMAX(I)S
LN1: ENDy
FOR J=(1,1+3) DO BEGIN
HD:(SMAX*EMIN)/2$
TMAX=0% TIX=0% TMIN=US TIN=0%
FOR I:(loloIMAX) DO BEGIN
IF Su(1) EqL 7 QR SD(I) EGL 3 OR SD(I) EQL 13
OR SD(I) EaL 12 OR SD(I) EQL 2 OR SD(I) EaL 23
OR SD(I) EqL 6 OR S0(I) EqL 1 THEN 60 TO LN2%
IF YMAX(I)=SMAX LSS HD THEN BEGIN
TMAX:TMAX+YMAX(I)$ TIX=TIX+1l% ENDS
IF BMIN=YMIN(I) LSS HD THEN BEGIN
TMINSTMIN+YMIN(I) g TIN=TIN+1% END$
LN2: END%
IF TIX EQL 0 OR TIN £QL 0 THEN GO TO OTs
YT=TMAX/TIXS YB=TMIN/TINS NYD=YT~YB% SMAX=YT» BMIN=YBS
ENDS
HD=NY[ /2%
FOR I=(1,1,IMAX) DO IF CHEK(I) EQL 2 THEN BEGIN
IF SD(I) EoL 3 OR SD(I) EaL 13 nR SD(I) EQL 23 THEN
CHEK(I)=09
FIYMIN(Y:I.JMAX;FYMI'YB)S
IF SSS(YT-YMAX(I)) LSS HD AND ABS(YR=FYMI(I)) LSS HD THEN
(I)=1 '
(. ELSE IF YMAX(I)=YT GTR HD AND ABS{YB=FYMI(I)) LSS HD THEN
D(I)=2 :
ELSE IF ABS (YT=YMAX(I)) LSS HD AND YB=FYMI(I) G6TR HD THEN
PD(1)=3
ELSE IF YMAX(I)=YT GTR HC AND YB=FYMI(I) GTR HD THEN
PO(I)=4
ELSE PD(I)=0%
IF PD(I) EOL 0 THEN PCHA(1)='0" ELSE
IF PD(I) EOL 1 THEN PCHa(1)='1" ELSE
IF PL(I) EQL 2 THEWN PCHA(1)=12" ELSE
IF PD(I) EOL 3 THEN PCHA(1)='3* ELSE
IF PD(1) EOL 4 THEN PCHA(1)='41g
PCHA(2)=1510q .
LNTYPE(0)$
K1=900% K2=500-I*30$
LINE(DFILErKl.KZrDUMMY)s
CHAR(DFILE.PCHA.DUMMY)s
ENDs%
FOR I=(1,1,IMAX=1) DO IF Sn(I) EQL 32 THEN BEGIN
IF SO(I+1) EQL 162 OR Su(I+1) EcL 16
OR SDi(I+1) EQL 62 OR SD(I+1) EOL 6 THEN BEGIN
FOR M1=(JMAX(I)p-ldeAX(I-1)+1) 00 BEGIN
FOR M2=(JMAX(I)+1.1.JMAX(I+1)) DO
IF X(M1) LEQ X(M2) AND X(M1) GEQ X(M2+1) THEN
BEGIN
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IF Y(M1)=Y(2) LEQ NYD/Z10 THEN Ki=Ki+1 ELSE
K2z=K2+1% M2ZJUMAX(I+1)+1% ENDS
IF X(JUMAX(I))=x(41) GTR NYD/Z4 THEN M1=JMAX(I=1)%
END%
IF K1 GTR 42 THEN BEGIN CHA(I)='='$ CHEK(I)=1% ENDD
END$ ENDsg
COMMENT INTERSECT A A A A K o KRR A o AR RO KRk koK §
FOR I=(1,1+IMAX) DO
IF SD(I) EoL 6 OR SD(I) EGL 7 THEN BEGIN
FOR K=(1,1/+IMAX) DC FOR LE(UMAX(K=1)+1010JMAX(K)) DO
IF X(L) c6r@ XCIMAR(1)=1) A X(L) LEQ X(JMAX(I-1)+2)
AND Y(L) GTR Y(JUMAX(1)=1) THEN BEGIN
FOR M1=(Ly1sJMAX(K)) DO FOR MZ(UMAX (I)=1,=190JMAX(I~1)+2) DO
IF X(M1) GEQ X (M) AND X (M1+1) LEQ X(M) OR
X(M1) LEQ@ X(M) AND X(M1+1) GEQ@ X{(M) THEN BEGIN
IF Y(M1) LSS Y(M) THEN BEGIN
CHA(K)='X1'S CHA(I)='=1g CHEK(K)=15 CHEK(I)=1s
MIZUMAX (K)+1% ENDS M=UMAX(I=1)3% ENDS
SUMAX (K +19 KSIMAX+1$ EiD%$
KY=0%
FOR K=(1,1,IMAX) DO FOR L=(JMAX(K-1)+1o1vdMAX(K)) JO
IF X(L) GEQ X(JNAX(I=1)+2) AND X(L) LEQ X{(JMAX(I))
AND Y(L) LSS Y(JMAX(I=1)+2) THEN BEGIN
FOR M1=(Ls1rJIMAX(K+1)) DO FOR M=(JUMAX(I=1)+42,1,JMAX(I)) DO
( IF X(M1) LE@ X(M) ANU X (i41+1) GEQ X(M) OR
= X(NM1) GEQ X(M) ANp X(M1+1) LEQ X(M) THEN BEGIN
IF Y(M1) GTR Y(M) THEN KY=1%
IF KY EQL 1 AND Y(;41) LSS Y{(M) THEN BEGIN
CHA(K)='T'sy CrA(I)=v=13 CHEK(K)=1% CHEK(I)=1g
MIZUMAX(K+1)+1% ENDS% M=JUMAX(I}+1% ENDS
SUMAX(K) +1% K=IMAX+1% ENDS$
ENDS
COMMENT POINT ******************************************* %
FOR I=(1,1,IMAX) DO
IF SD(I1) EuL 7 THEN BEGIN
DIST=1000%
XAV(I):(X(JMAX(I-1)+1)+X(JMAX(I)))/2$
FOR IX=(1,1,IMAX) D® BEGIN -
IF IX EQL T THEN IA=IX+i3
IF ABS(XAV(I)=XB(IX)) LZQ DIST THEN BEGIMN
DIST=ABS(XAV(I)-XB(IX))$ ICZIX$ END$ ENDS$S
IF PD(IC) FaL 1 THEN CHa(1Cc)='I' ELSE
1F PD(IC) EGL 3 THEN CHA(IC)='yrg
CHEK(IC)=19% CHEK(I)=1s CHA(I)='«1'$ ENDS
COMMENT FEEDRACK LOOP aihdab LA LT R DL L1 JEE T L T TP T e o T
BACK=2%
FOR IR=(1,1/BACK) DO BEGIN
COMMENT FIRST CLOSE sttt L AL ELELE DL FEL E T Y
FOR I=(1,1,IMAX-1) DO
IF CHEK(I) FGL 2 THEN BEGIN

T ST N RSt S T e
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SO(1) EulL & AND PD(I) EaL 1
SD(I) EGL 16 AMD PD(I) EGL 1
SD(1) EQL 62 AND PD!I) Eul 1
SO(I) EqL 162 AND PD(I) EoL 1 THEN BEGIH
CLOSE(X:Y-OMAX-PMAX:Iol.NYDoCLOS)%
IF CLOS THEN BEGIN
oc0REc(x.Y.LMAx.OMAx.MMAx.PMAXoSD.I.NYD-FEED.l)s
IF FLED THEN BEGIN CHA(I)='0'% CHEK(I)=1%
UDACK=BACK+13% END$
IF NOT FEEO AND CHEK(I+1) EGL 2 THEN BEGIN
IF SD(I+1) EGL 36 AND Po(I+1) EqQL 2
OR SD(I+1) EqL 32 AND PO(I+1) EQL 2
OR SD(I+1) EQL 362 AND PU(TI+1) EGL 2 THEN BEGIN
CHA(L)='D'3 CHA(I+1) =t=13% CHEK(1)=1% CHEK(I+1)=1% END
ELSE IF &D(I+}1) EGL 362 AND PD(I+41) EQL 3 THEN BEGIN
CHA(IL)=rqry CHA(I+1)z=v=mry CHEK(I)=1% CHEK(I+1)=1% END
ELSE 1IF SO(I+1) E@qL 36 AND PD(I+1) EOL 3 THEN BEGIN
IF IMAX LEQ 2 THEW [EGIN CHA(I)='91% CHA(I+1)=V=1g
CHEK(I)=1% CHEK(I+1)=1% END ELSE
GVSG(X:Y:LMAX:MHAX-CHA;IoCHEKoNYD)$ END
ELSE IF SD(I+1) EaL 36 AND PD(I+1) COL 1 THEN BEGIN
CHA(L)=rArg CHA(I+1)z'<v5 CHEK(I)=1% CHEK(I+1)=1% END
ELSE IF SD(I+1) EGL 3162 AND PD(I+1) EGL 1
OR SD(I+1) EGL 312 AND PO(I+1) EQL 1
OR SD(I+1) EGL 316 AND PD(I+1) EQL 1 THEN BEGIN
CHA(IVY=v G g CHA(I+1)='~v3 CHEK(I)=1% CHEK(I+1)=1% END
ELSE IF SD(I41) EQL 32 ann PO(I+1) EQL 1
OR SO(I+1) EqL 362 AND PD(I) EQL 1 THEN BEGIN
AVSO(X:Y:LMAX:MMAX:CHA:IoCHEKoNYD)s END$ END$ ENDS
END$ ENDs%

COMMENT CLOSE *************t¢**************************** 5
FOR I=(1,1,IMAX=1) DO

IF
OR
OR
OR
OR
OR

IF CHEK(I) E@L 2 THEN BEGIN

SD(I) EGL 362 AND PO(I) EcL 1

SO(I) EQL 3162 AND PO(I) coL 1

SD(I) EQL 2262 AND PD(I) FOQL 1

SO(I) EaL 36 AND PO(I) oL 1}

SO(I) EQL 262 AND PO(I) EaL 1

SD(I) eQL 26 AND PD(I) EGL 1 THEN BEGIN

CLOSE(XOYOOMAXOPMAX'I"20NYU'CL05)$

IF CLOS THEN 3EGIN

OCOREC(KoYoLMAXoOMAXOMMAXOPMAX'SDoIoNYDoFEEDoz)5
IF FEED THEN BEGIN CHA(I)='0'% CHEK(I)=1%

BACK=BACK+1% END$%

IF NOT FEED AND CHEK(I+1) EQL 2 THEN BEGIN

IF SD(I+1) EGL 36 ANU Pu(I+1) EgL 2

OR SD(I+1) EQL 32 AND Pu(I+1) EqL ]

OR SD(I+1) EQL 362 AND PD(I+1) EQL 2 THEN BEGIN
CHA(I)=1D'y CHA(I+1)='=1$ CHEK(I)=1% CHEK(I+1)=1% END

ELSE IF SD(I+1) EeL 382 AND PD(I+1) EGL 3 THEN BEGIN
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CHA(IL)=vqrg CHA(I+1)=zvwvg CHEK(I)=1% CHEK(I+1)=1% END

ELSE IF sD(I+1) LOL 3o Al PD(I+1) FQL 3 THEN BEGIM

GVSQ(X'YvLMAXvMMAXoCHA'IoCHEK'NYD)ﬁ END

ELSE IF sD(I+1) EoL 36 aMy PO(I+1) EQL 1 THEN BEGIN
CHA(I)=rvarg CHA(I+1)ztmr g CHEK(IN=1% CHEK(I+1)=1% ENO

ELSE IF sD(I+1) EGL 3162 AND PU(I+1) EQL 1

OR SD(I+1) EqL 512 AND PD(I+1) EQL 1

O SD(I+1) EaL 316 ANL PD(I+1} EGL 1 THEN BEGIN
CHA(I)=+0vg CHA(I+1)zrmrg, CHEK(I)=1% CHEK(I+1)=1% END

ELSE IF sD(I+1) EGL 32 AND PD(I+1) EQL 1

OR SUL(I+1) EqL 362 AND PD(I+1) EQL 1 THEN BEGIN
AVSO(X'Y'LMAX'MMAX'CHAoIoCHEKrNYD)s ENDS ENDS$

FOR I=(1,1,1MAX) D0
IF CHEK (1) EQL 2 THEN BeGIN
IF SD(I) EGL 3le2 AND PD(I) LQL 2
OR SD(I) QL 362 AND PO(I) EoL 2 THEN BEGIN
IF I oL ImAx THEN BEGIN CHA(I)="Lr g CHEK(I)=1% END ELSE
BCOREC(X'Y'LMAX'OMAermﬁX'PMAx'CHA'IICHEK'FEED'SD'NYD)S
IF FEED THEN BACK=BACK+13 END
ELSE IF SD(I) EqL 316 AND PD(I) EQL 2
OR SD(I) EQL 36 AND PO(I) kgL » THEN BEGIN
IF SO(I+1) EoL 92 AND PO(I+1) EQL 1 THEN 8EGIN
HKVSL(X:Y:LMAX;MMAX.IoHKYErNYD)$
IF HKYE THEN BEGIN CHA(I)='Hr g CHA(I+1l)=rv=rg
CHEK(I)z=1 g CHEK (I+1)=1% END$
IF NOT HKYE THEN
BCOREC(XoYoLMAx'OMAX'MMAXrPMAX'CHArIrCHEKrFEEDr
SDeNYD)S ENp
ELSE IF SU(I+1) EQL 3262 AND PD(I+1) EQL 1
OR Su(I+1) EaL 962 AND PN(I+1) EQL 1 THEN BEGIN
HKVSL(X'Y'LMAXrMMAX'IoHKYErNYD)S
IF HKYE THEN HVSK(X-Y'LMAXrMMAXrCHArIrCHEK)$
IF NOT HKYE THEN
BCOREC(XuYrLMAx'OMAXrMMAX'PMAXrCHArIoCHEKrFEEDo
SDINYD) $ ENy
ELSC 1F SD(I+t) EGL 36 AND PD(I+1) EQL 1 THEN BEGIN
HKVSL(X'YrLMAXrMMAXoIaHKYE'NYD)$
IF HkYE THEN BEGIN CHA(I)='"Hrg CHA(I+1)=r=rg
CHEK(I)=19g CHEK (I+1)=1% END$
IF NOT HKYE THEN
BCOkEC(XrYrLMAXvOMAXrMMAXrPMAXrCHArIrCHEKrFEEDr
SONYD) S ENU N
ELSE HCOREC(xrY'LMAX.QMAXrMMAX'PMAXrCHArI»CHEKrFEEDr
SDeNYD) §
IF FEED THEWN BACK=BACK+1% END%
ENDS
END OF FEEDBACK LOOpP :u*************¢******************** %
FOR I=(1,1,1IMAX) DO BEGIN '
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(J‘ IF CHEK(I) EQL = AND CHEK(I+1) EQL 2 THEN BEGIN
IF SD(I) EQL 26 AND PO(I) EuL L
OR SD(I) EQL 262 AND PD(I) FaL 1 THEN BEGIM
IF SD(I+1) Eul. 32 AND Pi,(I+1) EGL 1
OR SD(I+1) EGL 362 AND PD(I+1) EGL 1 THEN REGIN
VCHEK(X.Y.LMAX.MMAX.I0VYFS.NYD)$
IF VYES THiN BEGIN CHA(I)='V1s CHA(I+1)=tmtg
CHEK(I)=13% CHEK(I+1)=1% END
ELSE IF CHEK(I+2) £QL » THEN BEGIN
VCHEK(XoYoLMAXoMMAXoI+1oVYESoNYD)$
IF VYES THEN HEGIN CHA(I)=tyrg CHA(I+41l)=v=tg
CHEK(I)=1$ CHEK(I+1)=1g CHEK(I+2)=1% CHA(I+2)=t=tg
END$ ENDS$ END
ELSE IF SD(I+1) EQL 36 AND PD(I+1) EQL 1 AND
CHEK(I+2) EQL 2 THEN GEGIN
VCHEK(X.Y.LMAX.MMAX.I+1.VYESoNYD)$
IF VYES THEN BEGIN CHA(IIS'W'S CHA(I+1)=targ
CHEK(I)=14 CHEK(1+1)=1% CHEK(I+2)=1% CHA(I+2)=tmr g
END% END3S ENDS$ ExD$
1F CHEK(I) E@L 2 THEN BEGIN
IF SD(I) EQL 62 AKD PD{I) EobL 1
OR SD(I) EQL 162 AND PO(I) EQL 1 THEN BEGIN
CHA(I)zc g CHEK(I)=1% END
ELSE IF SD(1) EGQL 36 AND PD(I) EQL 4
OR SD(I) EuL 316 AND PD(I) EGL 4
( OR SD(I) EQL 3162 AND PD(I) £QL &
OR SD(I) EQL 362 AND PO(I) EOL 4 THEN BEGIN
CHA(I)='F'$ CHEK(I)=1$ EMOS
END$ END%
COMMENT LAST HRAAK A AR AR A A KRR AR A KRN AR AR KRRk G
FOR I=(2,1,1IMAX) DO
IF CHEK(I) gQL 2 AND CHEK(I=1) EQL 2 THEN BEGIN
IF SD(I) EwL 312 AND PD(I) EGL 1 THEN BEGIN
IF SD(I-1) LGl 316 AND PD(I=-1) EQL 2
OR SO(I-1) EyL 3162 AND Pii(I=1) CeL 2
OR SD(I=-1) EQL 36 AND Pp(1=1) EQL 2
OR SG(1-1) EGL 362 AND PD(I=1) EGL 2 THEN BEGIN
CHA(I=1)='8v$-CHA(I)St=r3 CHEK(I=1)=1% CHEK(I)=1$ ENDS
IF SD(I-1) EQL 326 AND PD(I=1) EQL 1
OR SO(I=-1) EQL 3262 AND PU(I=1) EQL 1
OR SD(I-1) EQL 362 AND PD(I=-1) EQL 1
OR SD(I=-1) EQL 36 AND PO(I-1) EQL 1
OR SD(I-1) EQL 262 AND PD(I=-1) EQL 1
OR SO(I=1) EQL 26 AND pi)(I=1) 8QL 1 THEN REGIN
CHA(I)=Vrg CHA(I=1)zvev3 CHEK(I)=1% CHEK({I~1)=1% END%
ENDS$ ENDD
COMMENT O5CULATE **************************************** %
FOR I=(1,1,IMAX) DO
IF CHEK(I) EGL 2 AND CHEK(I+1) EQL 2 THEN BEGIN
OSCULA(XoYoLMAxoMMAon.NYD.OSCL)S
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IF oscL THEN BEGIN
IF SD(I1) EqL 32 AND PD(I) EQL 1
OR SD(1) taL 326 AND PD(I) oL 1
OR SU(I) EQL 36 AND PO(I1) EeL I
OR SO(I) EqL 26 ANU PD(I) EGL 1 THEN REGIN
IF SD(I+1) EuL 362 AND PD(I+1) EGL 1
OR SD(1+1) EGL 3262 AND PiX(I+1) EGL 1 THEN BEGIN
CHA(I)= vy CHA(I+1 zv=vy CHEK(I)=1% CHEK(I+1)=1% END
ELSE IF SO(I+1) EoL 36 AND PD(I+1) EQL 1
OR SD(I+1) EQL 32 AND PH(I+1) EQL 1
OR SO(1+1) EQL 326 AND PC(I+1) EQL 1 THEN BEGIN
OSCULA(XoYoLMAXoMMAXoI+1oNYDoOSCL)$
IF NOT OSCL THEN BEGI" CHA(I)='N'$
CHA(I+])=t=r g CHEK(1)=1% CHEK(I+1)=1% END$
IF 05CL T BEGIN
IF SD(I+2) EQL 36 AiD PD(I+42) EGL 1
OR SN(I+2) EQL 32 AlD PD(I+2) EQL 1
OR Sn(I+2) EaL 362 AND PD(I+2) EQL 1
OR Sn(I+2) EQL 32¢2 AND PD(I+2) EQL 1
Or SD(I+2) EQL 32 AND PD(I+2) EQOL 1 THEN BEGIN
CHA(I)='mr 3 CHA(I+1)=r=rg CHA(I+2)s =1y
CHEK(I)=13 CHEK(I+1)=1% CHEK(I+2)=1% END$ END$
ENDS END3 END$ EiD%
COMMENT RELATIVE RECOGNITIO0.} FRARA AN A AR AR A A A o A A ook 3
IF CHEK(1) EaL 2 AND IM4X EaL 1 THEI BEGIN
IF SD(1) EaL 362 OR SD(1) EQL 3262 THEN BEGIN
IF (YMAX(I)-Y(a))/(YMAX(l)-YMIN(l)) LSS 0.5 THEN BEGIN
CHA(1l)=r121y CHEK(1)=1is% ENDS END$ END .
ELSE IF CHEK(1) EQL 2 AND CHEK(2) EQL 2 THEN BEGIN
IF SD(1) EQL 26 OR SD(1) EgL 326 OR SD(1) EQL 36 THEN BEGIN
IF SD(2) EqL 3 OR SD(2) EQL 7 THEN BEGIN '
IF (YMAX(l)«Y(l))/(YMAX(l)-YMlmtl)) LSS 0.5 THEN BEGIN
CHA(L)=21g CHA(2)='~1$ CHEK(1)=1% CHEK(2)=1% END%
END® END$ ENDS
FOR I=(1.1'IMAX) DO BEGIN
IF CHEK(I) EGL 2 THEN BEGIN
IF SD(I) EaL 3le2 AND PO(I) QL 1 THEN BEGIN
CVSE(X'Y'LMAXoMMAXoCHAOIoCHEK'NYD)$ END
ELSE IF sp(I) EGL 32- AND PO([) EQL 1 THEN BEGIN
IF CHEK(I+1) WEG 2 THEN BEGIN CHA(I)='R'g CHEK(I)=1% END

IF SD(I+1) EqL 32 AND Pu(TI+1) EQL j
OR SD(I+1) EQL 362 AND PO(I+1) EQL 1 THEN BEGIM
VCHEK(X.Y.LMAX.MMAX.I'vYEs.NYD)$
IF VYES THiEN BEGIN CHA(I )=V g CHA(I+1)='arg
CHEK(I)=13 CHEK(I+1)=1% ENDS
IF NOT VYES THEN BEGIN
RCHEK(X'Y'LMAXoMMAXoIoRYES'NYD)$
IF RYES THEN BEGI CHA(I)='Rvg CHEK(I)=1% END ELSE
BEGIN
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IF CHEK(I+2) NEG 2 THEN BLGIN CHA(L)='U'$
CHLK(I)=1% Citik(I+1)=19% CHA(I+1)=r='% ENDS

IF CHEK(I+2) ©ubL 2 THEN EEGIN

VCHEK (X Yo LMAK 9 5MAX e L+1 0 VYESPNYD)

IF VYES THEN BegIn CHA(I)='W'$ CHA(I+1)='=1g
CAEK(I)=13% CHLK(I+1)=19 CHEK(I+2)=1%
CHA(I+2)=v=vq FLiDB

IF NOT VYES THeM REGIN CHA(I)='U': - CHA(I+1)=v=rg,
CHEX(I)=1% CHEK(I+1)=1% END% ENDS%

ENus ENDD END
ELSE IF SO(I+1) cuL do AN PO(I+1) EQL 1 THEN BCEGIN
RCHEK(A:Y.LMAX'MMAX:I'NYESoNYD)$
IF RYES THEN BEGI CHA(I)='R'% CHEK(I)=1% ENO ELSE BEGIN
IF Chch(I+2) NES A THFN BEGIN CHA(I)=yrg
CAEK(I)=1y Cilr K (I+41)=1% CHA(I+1)=t=vg ENDS
IF CHEK(I+2) FQL ¢ THEN BEGIN
VCHEK (X o Y ) LMAX o MitA <o T+1 ¢ VYES »NYD) %

IF VYES THEN BEGIN CHA(I)='W'S CHA(I+1l)='=1g
CHA(I+2) ==} CHEK(I)=1% CHEK(I+1)=1%
CHEK(I+2)=14 SNDD

IF NOT VYES THeM REGIN CHA(I)='uU's CHA(I+1)=t=tg
CHEK(I)=i% CHeK(I+1)=1% END$

ENJOS LiiDd END ELSE
BEGIN CHA(T)='R'g CHEK(1)=14% ENO% END$ EnD
ELSE IF Su(I) EGL 326 AND PD(I) EQL 1 THEN BEGIN
IF CHEK(I+1) [NEG 2 THEN =61l SCHEK (X2 Yo MMAX s I 9SYESsSD) ¢
IF SYFS ThEN BEGIN Cii/ (I1)='S'% CHEK(I)=1% END%
IF NOT SYES THEN UEG4l: CHACI)='RY% CHEK(I)=1% ENDS$ EiD
ELSE BEGIN
IF SU(I+1) caL 32 AND P (I+41) Eub 1 THEN PEGINM
VCHEK(KuYoLMAX';\"MAX' Lrv iSeilYD) D
IF MOT VYES THEN HBEGIN SCHEK(Xs Yy MMAX,»I+SYES,SD) %
IF SYES THEN BEGIw CHA(I)='S 4 CHEK(I)=1% END%
IF NOT SYES THEN BFSIN CHA(I)='R'$
CHEK(I)=1% ENDy v1O%
IF VYES THIN BEGI! CHACII='VrS CHA(I+1)=vmrg
CHEK(1)=1% CHEK(141)=1% END$ END ELSE
IF SO(I+1) £EGL 36 AND Pu(I+1) EQL 3 THEN BEGIN
SCHEK(K.Y'MMAX'I'SYESISJ)$
IF SYCS THuN SEGIN ChA(IN='S'g CHEK(I)=1% ENOS
IF NOT SYES THEN UGl
PCHEK(X'Y'LMAXuMMAApl+l'PYES'NYD'YB)$
IF NOT PYCES THEN 405Id CHA(I)=Y's CHA(I+1l)=r=1g
CHEK(IN=LS CAbn (T41)=1% ENOS
IF PYES THEN eGliv THA(I)='R*'3 CHEK(I)=1% ENDS ENuS
END ELSE BEGIN SCHEA (X 1MAXe I o SYES»SD) $
IF SYES THEN B8EGI.. CHA(I)=S'S CHEK(I)=1% ENDS$
IF NOT SYLS THEN BEGIN CHA(I)='R'$ CHEK(I)=1% ENNS ENDS
END% ENOD '

ELSE IF SO(I) Eui 3262 ANU PO(I) EQL 1 THEN BEGIN
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{ IF CHEK(I+1) NEG 2 THE. LEGIN
a SCHEK (X Y e MiniAX s Lo SYESP»SD) &
«F SYES THEN BEGIN CHA(I)=*S'S CHEK(I)=1% ENDS
IF NOT SYES THEN BEGII CHA(I)='R*$ CHEK(I)=1% ENNS$ END
ELSE 8CZGIN
IF SO(I+1) EQl. 32 AND PD(I+1) EQL 1
OR SD(1+1) EGQL 36Z AND PD(I+1) EGQL 1 THEN BEGIN
SCHEK (X Yo MMAX e Lo SYESPSD) S
IF SYES THEN BEGIN CHA(IN='S'$ CHEK(I)=1% END ELSE
BEGIN VCHEK(X»YoLMAX»MMAXe IoVYESINYD) B
IF VYES THEN UEGIN CHA(I)='V'3 CHA(I+1)=t'='$
CHEK(I)=1% CHErR(I+1)=1% ENDS%
IF NOT VYES THEN RBESIN CHA(I)='R'3 CHEK(I)=1% END3
END3D END ~
ELSE IF SD(I+1) EOQL 36 aNH PD(I+1) EQL 3 THEN BEGIN
SCHEK (X» Yo MMAX 2 I »SYESeSD) S
IF SYES THEN BEGIN CHA(I)='S*$ CHEK(I)=1% ENOD ELSE BEGIN
PCHEK (Xo Y s LMAX pidMAX o I 41 s PYES»NYD 2 YB) S
IF PYES THEN SEGIN CHA(I)='R's CHEK{I)=1% ENDS%
IF NOT PYES THEN GESIN CHA(L)S'Y'$ CHA(I+1)='='g
CHEK(I)=1% CHEK(I+1)=1% END$ END% END
ELSE BEGIN SCHEK(XeYoMmAXeIoSYES»SD) S
IF SYES THEN BEGIN CHA(IN='S'$ CHEK(I)=13 ENDS
IF WNOT SYES THEMN BEGIN CHA(I)='R'$ CHEX(I)=1% END$ ENDS
END$ END
( ELSE IF S0(I) EQL 36 AND PD(1) EQL 1 THEN BEGIN
- IF CHEK(I+1) NEQ 2 THEN REGIN
CHA(I)='Svy CHEK(I)=15 EnD ELSE BEGIN
IF SD(I+1) EGL 32 AND Po(I+1) Eq@L 1
OR SD(I+1) EQL 362 AND PD(I+1) EQL 1 THEN BEGIN
SCHEK (Xe Yo MMAX e 10 SYESPSD) B
IF SYES THEN BEGIN CHA(I)='S'$ CHEK(I)=1% END ELSE BEGIN
VCHEK (X e Y o LMAX ¢y MMAX» I»VYESeNYD) B
IF VYES THEN BEGIin CHA(I)='Vrs CHA(I+1)=t='$
CHEK(I)=1% CHEK(I+1)=1% END ELSE BEGIN
IF CHEK(I+2) NER 2 THEW BEGIN CHA(I)='U'S$
CHEK(I)=1% CHFK(I+1)=1% CHA(I+1l)='='$ ENDS
IF CHEK(I+2) EQL 2 THE.. UEGIN
VCHEK (X o Y »LMAX s MMAX o I+1 e VYESPMYD) $
IF VYES TiHEnN BEGIN CHA(I)='W'S CHA(I+1)='=1%
CHEK(I)=13% CHEK(I+1)=1% CHEK(I+2)=1$%
CHA(I+2)='=15 ENDS
IF NOT VYES THEN BEGIN CHA(I)='U'$ CHA(I+1)=t=ts
CHEK(I)=1% CHZK(I+1)=1% END% END$ END%
ENDS END
ELSE IF SD(I+1) EGL 36 AN;; PD(I+1) EOL 1 THEN BEGIN
SCHEK ( Xy Y s MMAX»1,SYESISD) S
IF SYES THEN BEGIN CHA(I)='S'$ CHEK(I)= 1$ END ELSE BEGIN
IF CHEA(I+2) NEQ 2 THEN BEGIN CHA(I)=tu'$
CHEK(I)=1% CHEK(I+1)=13% CHA(I+1)=t'='$ ENDS
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IF CHER(I+2) £QL 7 IHEN BLGIN

VCHEK (X o Y o LMAX o MMAK s I+1 e VYESeNYD) %

IF VYES THEN DeotN CHA(I)='W'S CHA(I+1)='/='%
CHEK(I)=1% CHrK(I+1)=1% CHEK(I+2)=15
CHA(I+2)=r=2% E,10%

IF NOT VYES THE. BEGIN CHA(I)='U's CHA(I+1l)=t=tg

_ CHEK(I)=1% CHrK(I+1)=1% END$ ENDBD ENDS END
ELSE IF sD(I+1) EQL 36 AN PD(I+1l) EQL 3 THEN BEGIN
SCHEK (X2 Yo MMAX e I»SYES,SD) $
IF SYES THEN BEGIN Cha(I)=?Srs CHEK(I)=1% ENDS
IF NOT SYES THEN BEGIH CHA(I)=eY*s CHA(I+1)='='S
CHEK(I)=1% CHEK(I+1)=1% END$ END ELSE
BEGIN CHA(I)='S's CHEK(I)=1% ENDS END$ END
ELSE IF SD(I) EaL 36 AND Pu(l) EQL 3 THEN BEGIN
IF SD(I+1) EQL 326 AND PN(I+l) EQL 1
OR SD(I+1) EQL 3262 AND PL(I+1) EGL 1
OR SD(I+1) EwL 36 AND Po(I+l) EQL 1
OR SD(I+1) EQL 362 AND PD(I+1) EQL 1 THEN BEGIN
CHA(I)='P’s CHA(I+1)=?=ry CHEK(I)=1% CHEK(I+1)=1% ENDS
END
ELSE IF SD(I) EQL 362 ANO PD(I) EQL 1 THEN BEGIN
IF CHEK(I+1) NE@ 2 THEN REGIN
SCHEK (X o Y MMAX» I »SYESPSD) B
IF SYES THEN BEGIN CiiA(I)=?S*$ CHEK(I)=1% ENDS
IF NOT SYES THEN BEGIN CCHEK(X»YsLMAX)MMAX»I+CYES/NYD)S

IF CYES THEN CVSE(X,YsLMAXsMMAX»CHA»I»CHEK/NYD) S

IF NOT CYES THEN BEGIN CHA(I)='R'S CHEK(I)=1% END%
ENDD ENDS

IF CHEK(I+i) EQL 2 THEN BE&I.N
IF SD(I+1) EGL 32 AND Po(I+1) EQL 1
OR SD(I+1) EQL 362 AND PD(I+1) EQL 1 THEN BEGIN
SCHEK(X» Yo MMAX s I»SYES,SD) &
IF SYES THEN BEGIN CiA(I)='S*$ CHEK(I)=1% END ELSE BEGIN
VCHEK (X o Y s LMAX ¢ MMAX» 1 » VYES ' NYD) S

IF VYES THEN REGIN CHA(I)='Ve3 CHA(I+1)='='%
CHEK(I)=1% CHEK(I+1)=1% END ELSE BREGIN

CCHEK (KXo Y s LMAX e MMAK s IoCYESINYD) S

IF CYES THEN CVSE (XeYoLMAXsMMAXsCHA»I»CHEKINYD)

ELSE BEGIN RCHEK (X oY s LMAX s MMAX s I+RYES/NYD) S
IF RYES THEN BEGIN CHA(I)='R*$ CHEK(I)=1% END

ELSE BEGIN

IF CHEK(I+2) NEQ 2 THeh BSGIN CHA(I)S'U'S CHA(I+1)==1'$

CHEK(I)=1% CHEK(1+1)=1% ENDS%

IF CHEK(I+2) EQL 2 THEN #EGIN
VCHEK (X0 Y o LMAX s MMAX» 1+1 o VYESINYD) §

IF VYES THEN BEGIN CHA(I)='wes CHA(I+1)='='$
CHEK(I)=31% CHEK(1+1)=1% CHEK(I+2)=1%
CHA(I+2)='='3 ENOS

IF NOT VYES THEN HBEGIN CHA(I)='U'S CHA(I+1)='='$
CHEK(I)=1% CHEK(I+1)=1% END$ ENDS END$ ENDS
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ENO® ENDD END
ELSE IF SD(1+1) EQL 36 wN.) PD(I+1) EQL 1 THEN BEGIN
SCHEK(X.Y.MMAX.IoSYESvSD)S
IF SYES THEN BEGIN CHA(I)='S'S CHEK(I)=1% END ELSE BEGIN
CCHEK (X0 Y s LMAX s MMAX s I,CYESNYD)
IF CYES THEN CVSE(Xs Yo LMAX¢MMAXsCHA» I+ CHEKs»NYD) ELSE
BEGIN RCHEK (X0 Y o LMAX o MMAX» IoRYES,NYD) %
IF KYES THEN BEGINM CHA(I)='R'$ CHEK(I)=1% END
ELSE BEGIN
IF CHEK(l+2) NEG 2 THE BEGIN CHA(I)='U'S CHA(I+1)=t=tg
CHEK(I)=1% CHEK(I+1)=1% END$
IF CHEK(I+2) EQL 2 THEN BEGIN
VCHEK(X» Yo LMAX o MMAX s I+1 o VYESNYD) S
IF VYES THEN BEGIi CHa(I)='Weg CHA(I+1)=v='%
CHEK(I)=1% CHEK(I+1)=1% CHEK(I+2)=1%
CHA(I+2)=r='3 ENDS
IF NOT VYES THEN BEGIi CHA(I)='U's CHA(I+l)='=t g
CHEK(I)=1% CHEK(I+1)=1% END$ END$ ENDS
ENDS ENDS$ END
ELSE IF SD(I+1) EGL 36 aND PD(I+1) EQL 3 THEN BEGIN
SCHEK(K.Y.MMAX-I.SYES.SD)m
IF SYES THEN BEGIN CHA(I)='S*$ CHEK(I)=1$ END ELSE BEGIN
CCHEK(X'Y:LMAX!MMAX.IoCYES'NYD)$
IF CYES THEN CVSE(X» Yo LMAX s MMAXeCHA»I+CHEK/NYD)
al h;;E REGIN
IF CHEK(I+2) NEQ 2 THEN BEGIN CHA(I)='Y's CHA(I+1)=t=rg
CHEK(I)=1%$ CHEK(I+1)=11 ENDS% :
IF CHEK(I+2) EOL 2 THEN PEGIN
PCHEK(X.Y:LMAX:MMAX.I+1.PYES:NYD.YB)$
IF PYES THEN BEGINM CHA(I)='R'$ CHEK(I)=1% ENDS
IF NOT PYES THEN BEGIM CHA(I)='Yes CHA(I+1)='='g
CHEK(1)=1% CHEK(I+1)=1% END$ ENDS%
ENDS ENDS$ END
ELSE BEGIN SCHEK (X0 Yo MMAX»I9»SYESSD) S
IF SYES THEN BEGIN CHA(I)='S*s CHEK(I =1% END$
IF NOT SYES THEW BEGIN CCHEK(X»YoLMAXyMMAX»I+»CYES/NYD)S
IF CYES THEN CVSE(XsYsLMAX»MMAX9»CHA»I+CHEK/NYD) S
1F NOT CYES THEN BEGIN CHA(I)='R'S CHEK(I)=1% ENDS$
END3 END$ END$ END%
ENOS END%
END%
FOR I=(IMAX+1+s1+30) DO CHA(I)=' '$
CHA(30)=tpa'g
LNTYPE(O0)%
K1=X(10)¢% K2=YMAX(1)+100§
LINE(DFILEs)K19K2,DUMMY)$
CHAR(DFILE»CHA'DUMMY) S
GO TO 0Ty
END%
ENIT: ENDS%
® XQT PATTEN



